
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 



Digiti 



ized by Google 



190 Mr. J. Cottrell on the Division of a Sound-JFave [Feb. 12, 

mented upon. The contractions of the heart were more frequent after 
alcohol during complete rest, from five to ten beats per minute for some 
time ; and when exercise was taken the increase was greater. The mean 
pulse of the twentj-four hours was, however, not increased unless the 
amount of alcohol was large and repeated. In other words, the heart's 
beats were less frequent than natural when the effect of the alcohol had 
passed off. The pulse became both fuller and softer to the touch ; and this 
relaxation of the radial artery was shown also bj the sphygmograph. That 
the smaller vessels were relaxed, was shown both by the redness of the 
surface and by the evident ease with which the blood traversed the capil- 
laries, as shown by the sphygmographic tracings. 

. 6. The respirations were not increased in number by alcohol ; they 
were rather lessened, and were de^er in some of the experiments ; but 
the effect was not very marked. 



III. " Experimental Demonstrations of the Stoppage of Sound by 
partial Eeflections in a non-homogeneous Atmosphere.^' By 
John Tyndall, D.C.L., LL.D., F.R.S., Professor of Natural 
Philosophy in the Royal Institution. 

(See Paper read Jan. 15, ante.) 



IV. " On the Division of a Sound- Wave by a Layer of Flame 
or heated Gas into a reflected and a transmitted Wave.*' By 
John Cottrell, Assistant in the Physical Laboratory of the 
Soyal Institution. Communicated by Professor Tyndall, 
F.R.S. Received February 2, 1874. 

The incompetency of a sound-pulse to pass through non-homogeneous 
air having been experimentally demonstrated by Dr. Tyndall, and proved 
to be due to its successive partial reflections at the limiting surfaces of 
layers of air or vapour of differwit density, further experiments were 
conducted in order to render visible the action of the reflected sound- 
wave. 

The most successful of the various methods contrived for this purpose 
consists of the following arrangement. A vibrating bell contained in a 
padded box was directed so as to send a sound-wave through a tin 
tube, B A (38 inches long, 1| inch diameter), in the direction BF', its 
action being rendered manifest by its causing a sensitive flame placed at 
F* to become violently agitated. 

The invisible heated layer immediately above the luminous portion of 
an ignited coal-gas flame issuing from an ordinary bat's-wing burner 
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was allowed to stream upwards across the end of the tin tube B A at A. 
A portion of the sound-wave issuing from the tube was reflected at the 
limiting surfaces of the heated layer; and a part being transmitted 
through it, was now only competent to slightly agitate the sensitive 
flame at F. 



The heated layer was then placed at such an angle that the reflected 
portion of the sound-wave was sent through a second tin tube, A F (of 
the same dimensions as B A), its action being rendered visible by its 
causing a second sensitive flame placed at the end of the tube at F to 
become violently affected. This action continued so long as the heated 
layer intervened ; but upon its withdrawal the sensitive flame placed at 
F, receiving the whole of the direct pulse, became again violently agi- 
tated, and at the same moment the sensitive flame at F, ceasing to be 
affected, resumed its former tranquillity. 

Exactly the same action takes place when the luminous portion of a 
gas-flame is made the reflecting layer ; but in the experiments above 
described, the invisible layer above the flame only was used. By proper 
adjustment of the pressure of the gas, the flame at F can be rendered 
80 moderately sensitive to the direct sound-wave, that the portion trans- 
mitted through the reflecting layer shall be incompetent to affect the 
flame. Then by the introduction and withdrawal of the bat's-wing flame 
the two sensitive flames can be rendered alternately quiescent and 
strongly agitated. 

An illustration is here afforded of the perfect analogy between Ught 
and sound ; for if a beam of light be projected from B to F, and a plate 
of glass be introduced at A, in the exact position of the reflecting layer 
of gas, the beam will be divided, and one portion will be reflected in the 
direction A F, and the other portion transmitted through the glass in 
the direction F, exactly as the sound-wave is divided into a reflected and 
transmitted portion by the layer of heated gas or flame. 
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February 19^ 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Presents reoeived were laid on the Table, and thanks ordered for 
them. 

The following Papers were read : — 

I. " On the Absorption of Carbonic Acid by Saline Solutions.'* 
By J. Y. Buchanan, Chemist on board H.M.S. ' Challenger.' 
Communicated by Prof. Williamson, Folr. Sec. R.S. Re- 
ceived December ll, 1873. 

(Abstract.) 

Until lately it was belieyed that the atmospheric gases dissolved in 
sea-water coidd be extracted from it, as from fresh water, hj boiling in 
vacuo. The merit of the discovery that such is not the case is due to 
Dr. Jacobsen, of Kiel, who found that, in order to drive out the whole 
of the carbonic add, the water must be evaporated almost to dryness, 
and that no amount of boiling in vacuo will suffice to eliminate it. Being 
particularly interested in the matter, I immediately commenced a series 
of experiments to determine, if possible, the salt or salts to which sea- 
water owes this property. 

Preliminary observations satisfied me, in the first place, that sea-water 
has this property, and, secondly, that solutions of the sulphates of mag- 
nesia and of lime possess the same property. In order to gain more 
precise information, two series of experiments were made, the one ana- 
lytical, the other synthetical. The former consisted in saturating saline 
solutions with carbonic add, and then distilling them, the carbonic acid 
passing in the various fractions being determined ; the latter, in deter- 
mining the absorption coefficients of two solutions, the one of sulphate of 
magnesia, the other of sulphate of lime. 

First, the analytical series. — ^Before proceeding to saline solutions, 
distilled water was saturated with carbonic acid and distilled. The first 
eighth of the distillate contained abundance, the second a trace, and the 
remainder no carbonic add. It may therefore be assumed, in the ex- 
periments which follow, that the carbonic add held nmpJy in toluticn by 
the water passes almost entirely in the first eighth of the distillate, and 
that whatever passes afterwards has been retained, in some way or 
other, by the salt in solution. 

Experiments were made on solutions of sulphate of magnesia, of sul- 
phate of magnesia and chloride of sodium, and of sulphate of lime, to 
which were added some on sea-water itself. In every experiment the 
quantity of solution operated on was 300 cub. centims., which was 
boiled in a flask connected by a doubly bored cork with a liebig's con- 
denser, which was fitted at its other end, air-tight, into a tubulated 
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reoeirer. To the tubiilare was attached a bulbed U-tube, and, by 
means of an aspirator, air could be constantly sucked through. The 
carbonic add coming off was retained by baryta-water of known strength 
distributed between the receiyer and the U-tube ; what remained unneu- 
tralized was determined by oxalic acid, the point of neutralization being 
indicated by rosoUc add. The oxalic add was rather stronger than 
tenth normal; it contained 6*478 grammes, C^'Hi^0^+2H^0 in the 
litre. One litre baryta-water required 3235 cub. oentims. oxaJic add for 
neutralization. 

The method of conducting the operation was as follows : — Carbonic add 
was passed through the solution until it could be assumed to be satu- 
rated. The object being to determine the carbonic add retained by the 
salt, it was necessary to get rid, as much as possible, of the simply dis- 
solved gas. This was effected by drawing six or seyen litres of air 
through the solution cold, then heating it to boiling, and allowing it to 
bdl for a couple of minutes in a current of air. The receiyer, with the 
baryta solution, was then attached, and the distillation continued in a 
current of air, until the contents of the flask were nearly dry. The 
amount of carbonic add was giyen by the remaining alkalinity of the 
barytarwater. 

Experiments on sulphate-of-magnesia solution, containing 12*3 
grammes crystallized salt per Utre. — As all were conducted in precisely 
the same way, it will be suffident to give the results in a tabular form. 
The first three experiments were made with one and the same solution ; 
for the last two a fresh solution, prepared, to all appearance, in exactly 
the same way as the previous one, was used. The difference in the results 
shows the precarious nature of the combination. 



Yolmneof 
•olation used. 


Volume of 
baryta-water. 


Volume of 
ozbUo add. 


Grammes 
oarbonio acid 

in 300 
cub. oentims. 


Grammes 
carbonic add 
in one litre. 


cub. oontimB. 
300 
300 
300 
300 
300 


cab, oentims. 
26 
10 
10 
16 
10 


oub. oentims. 
78-96 
3000 
30-90 
47-60 
31-32 


0O043 
0O063 
0-0033 
00023 
0-0023 


0-0143 
0-0166 
0-0110 
0-0077 
0-0077 



Two experiments were made with a solution prepared as follows : — 
The quantity of sulphuric add necessary for the formation of 12*3 
grammes crystallized sulphate of magnesia was diluted to a litre, and pul- 
verized carbonate of magnesia suspended in it. Although the mixture 
was allowed to stand over night, shut off from the influence of the 
atmosphere, the solution was still very add. It is well known that car- 
bonate of magnesia is difficultly soluble in cold dilute adds. To have 
heated the solution would have frustrated the object of the experiment, 
which was, by bringing nascent sulphate of magnesia together with 



Digitized byLjOOQlC 



194 



Mr. J. Y. Buchanan on the Absorption of [Feb. 19> 



nascent carbonic acid at ordinary temperatures, to give them the best 
opportuniiy of combining. Two experiments were made with a simi- 
larly prepared solution of sulphate of lime. In this case sulphuric acid 
was added to the water in quantity sufficient to form, with lime, more 
salt than would dissolye in the liquid. Here neutralization took place 
without difficulty ; and, as might have been expected, the amount of 
carbonic acid found was considerably greater than in the case of the 
magnesia salt. 

Two experiments were made with an ordinary sulphate-of-magnesia 
solution, containing 2-05 grammes crystallized salt per litre. 

Two further experiments were made with a solution containing 2*05 
grammes sulphate of magnesia and 20 grammes chloride of sodium per 
litre. All were conducted in the way described above, and the results 
are given in the following Table. The experiments with the carbonates 
of magnesia and of lime were made at a considerably later date than the 
others ; the value of 10 cub. centims. baryta-water had in consequence 
become equivalent to 32*0 cub. centims. instead of 32*34 cub. centims. 
oxalic acid : — 



Nature of 
solution. 



Volume of 
solution. 



Volume of 
baryta-water. 



Volume of 
oxalic acid. 



Grammes 
carbonic acid 

in 300 
cub. centims. 



Grammes 
carbonic acid 
in one litre. 



MgC03,H,S0, 

CaC03,HaS0, 

205 grms. Mg 
SO, + 7HaO 
per litre 

MgSa 7H,0 
H-NaCl...... 



cub. centims. 

300 

300 

300 

300 

300 
300 

300 
300 



cub. centims. 

10 

10 

10 

10 

10 
10 

10 
10 



cub. oentims. 

30-6 

30-9 

27-6 

27-5 

31-2 
31-3 

31-6 
31-4 



0-0032 
0-0025 
01014 
0-1014 

00026 
00023 

0-0016 
0-0021 



0-0107 
00083 
0-3380 
0-3380 

0-0087 
00077 

00053 
0-0070 



Five experiments were made with sea-water taken at the end of Porto- 
bello Pier, on the Firth of Forth. In the first three it was submitted 
immediately to the same treatment as the saline solutions ; in the last two 
carbonic acid was first passed through it for some time. As the results 
are identical, it is evident that, in its natural state, the water in question 
was practically saturated with carbonic acid in this peculiar state of com- 
bination. 



Volume of 
sea-water. 


Volume of 
baryta-water. 


Volume of 
oxalic acid. 


Grammes 
carbonic acid 

in 300 
cub. centims. 


Grammes 
carbonic add 
in one litre. 


cub. centims. 
300 
300 
330 
300 
300 


cub. centims. 
15 
10 
10 
10 
10 


cub. centims. 
39-75 
2300 
2315 
23-34 
23-34 


0-0198 
0-0211 
00208 
00203 
00203 


poooo 
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From the large amount of organic matter poured into the Forth in the 
neighbourhood of Portobello, there must be an abundant production of 
carbonic acid in the water itself ; and we have seen above the effect of 
bringing it together in the nascent state with sulphate of lime. Sea- 
water contains on an average about 8 parts sulphate of lime in 10,000. 
A saturated solution of the same salt in distilled water contains, at 
16° C, 24 parts in 10,000. Under the most favourable circumstances, 
then, sea-water might be expected to bind about one third of the quantity 
retained by an equal volume of saturated gypsum solution. We have 
seen that a litre of this solution is capable of retaining 0*838 grm. CO^, 
while the same volume of sea-water contained at the most only 0*07 
grm., or very little more than one fifth of that held by the sulphate of lime. 

In ocean-water I have never yet found more than 0*0(54 grm. CO, 
per litre, including both simply dissolved and half hound. We have, then, 
in the sulphate of lime alone an agent capable of retaining much more 
carbonic acid than is usually found to exist in sea-water ; and there is 
besides the sulphate of magnesia ; so that whatever may be the function 
of the other salts, we do not, in order to find a vera causa for the phe- 
nomenon under consideration, require to go beyond the sulphates ; and 
the practical lesson to be learned is that, if we get quit of the sulphates, 
the carbonic acid will be more easily disengaged by heat. 

This is entirely borne out by experiment. In determining the car- 
bonic acid in sea-water, I always add to it a sufficient quantity of a satu- 
rated solution of chloride of barium ; and I find that, after about the 
first fifth of the distillate has passed, there is rarely a perceptible tur- 
bidity in fresh baryta-water. 

The synthetical experiment consisted in determining directly the 
coefficients of absorption of a 1*23 per cent, solution of crystallized 
sulphate of magnesia and of a 0*205 per cent, solution of Ga SO^ 
+2HaO. In Table I. the results of experiments on the magnesia so- 
lution are given, where the observations were made without loss of time. 
In Table 11. the results of experiments on the same solution are 
given, only here the duration of the reaction was taken into account. 
The first reading was made at the highest pressure after the gas and 
solution had been together for nine days ; the pressure was then succes- 
sively reduced, and the other readings made at intervals of twenty-two, 
forty-one, and twenty-five hours from each other, the last of all being 
made only after the lapse of some days. Table m. gives the results of 
experiments on the gypsum solution, the readings in this case being 
made without allowing much time for the reaction to take place. 

Tablb I. 



Presaure in millims 

Temperature • 

Absorption ooeffioient of MgSO^ solution.. 
Absorption coefficient of water 



476-54 


652-7 


581-14 


736-73 


120 


11-5 


11-9 


11-9 


0-7095 


09562 


0-8496 


1-0545 


0-6909 


0-9631 


0-8455 


10718 
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Table II. 



Pressure in millims. 

Temperature C 

Absorption coefficient of MgSO^ solution 



832-7 

111 

1-2467 



Absorption coefficient of water 1*3052 



695-3 

11-0 

0-9331 

10445 



551-5 

10-45 

0-8823 

0-8461 



498-1 

11-1 

0-8974 

0-7546 



468-6 

11-1 

0-8221 

0-7014 



Table HI. 



Pressure in millims 

Temperature G. 

Absorption coefficient of Oa SO^ solution 
Absorption coefficient of water 



554-9 

101 

0-8845 

0-8617 



683-8 

12-9 

0-9923 

0-9618 



765'3 

13-3 

1-0651 

10624 



770-8 

11-1 

M885 



805-2 

11-1 

1-2191 



M534 1*2048 



869-5 

11-65 

1-2964 

1-2767 



The general result of these ezperimeiits is, that sulphate-of-lime solu- 
tion absorbs a little more carbonic add than water, but follows the same 
law of variation with temperature and pressure ; sulphate-of-magnesia 
solution differs slightly from water when but little time is left for the 
reaction to complete itself. If, however, the gas and solution are left in 
contact for a considerable time, the difference between the coefficients 
of water and of the salt solution becomes very marked, that of the latter 
being less for high pressures and greater for low ones than that of water. 

The details of these experiments will be found elsewhere in a more 
extended paper. 

II. '^ On an Instrument for the Composition of two Harmonic 
Curves."' By A. E. Donkin, M.A., P.R.A.S., Fellow of Exeter 
College, Oxford. Communicated by W. Spottiswoodb, Trees. 
R.S. Received November 6, 1878. 

The interest in such compound curves lies in the fact that as a simple 
harmonic curve may be considered to be the curve of pressure on the 
tympanic membrane when the ear is in the neighbourhood of a vibrating 
body producing a simple tone, so a curve compounded of two such simple 
harmonic curves will be the curve of pressure for the consonance of the 
two tones which they severally represent, and thus the effect on the ear 
of different consonances can be distinctly represented to the eye. 

If the motion of a point be compounded of rectilinear harmonic 
vibrations and of uniform motion in a straight line at right angles 
to the direction of those vibrations, the point will describe a simple 
harmonic curve. 

Thus a pencil-point performing such vibrations upon a sheet of paper 
moving uniformly at right angles to their direction would draw such a 
curve. 

The same kind of curve would also be drawn by keeping the pencil 
fixed and by giving to the paper, in addition to its continuous transverse 
motion, a vibratory motion similar and parallel to that which the pencil 
had ; and if the motion of the latter be now restored, a complicated curve 
will be produced whose form will depend on the ratio of the numbers of 
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vibrations in a given time of the pencil and paper, and which will be the 
curve of pressure for the interval corresponding to this ratio. 

The manner in which these three motions are combined in the machine 
is as follows : — ^Two vertical spindles, A and B, revolving in a horizontal 



plate cany at their lower ends each a crank, C and D, and at their upper 
ends each a wheel cut with a certain number of teeth ; these two wheels 
can be connected by means of an intermediate one, as is seen in the figure ; 
and since either wheel of the pair can be replaced by another with a different 
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number of teeth, the relative angular velocities of the spindles can be regu- 
lated at pleasure. The paper upon which the curve is to be drawn is carried 
upon a rectangular frame, E F G H, capable of sliding horizontally up and 
down in a direction parallel to that of the plane passing through the spin- 
dles. This frame has a pair of rollers, E F and Qt H, at each end connected 
by tape-bands, between which the paper passes as the rollers turn. In order 
to give a motion of revolution to the rollers, a wheel, L, is fixed upon the 
axis of one of them whose teeth gear into those of a pinion, P Q, along- 
side which the frame slides, and which is itself driven by one of the 
vertical spindles. A connecting-rod, D M, is carried to the frame from the 
crank of this spindle, so that upon turning the latter a vibratcHy motion 
is given to the former ; and since the transverse motion of the paper also 
depends upon the same spindle, a fixed pencil-point resting on it would 
draw a simple harmonic curve whose amplitude would depend on the 
radius of the crank, and wave-length on the transverse speed of the pap^, 
which can be regulated at pleasure by means contrived for the purpose*. 

A vibratory motion similar and parallel to that of the frame is given 
to a small tubular glass pen, B, so arranged as to move with its point 
lightly resting upon the paper. This moti<m is communicated by a con- 
necting-rod, C N, from the other crank, which is carried underneath the 
sliding-frame and jointed to the lower end of a small vertical lever, S, to 
whose upper end the arm carrying the pen is attached. 

The weight "W serves to regulate the pressure of the pen on the paper, 
as it can be screwed in or out. T is merely a pillar upon which the 
change-wheels can be placed for convenience. 

If the pair of wheels on the spindles are now connected by the inter- 
mediate one, it is plain that, upon turning either of the spindles by a 
winch provided for the purpose, the two motions of the paper will be 
combined with that of the pen, and the curve drawn will be that com- 
posed of the two simple harmonic ones, which would be the result of 
separately combining the harmonic vibrations due to each crank with the 
transverse motion of the paper. Thus if m and n are the numbers of teeth on 
the pair of wheels respectively, the equation to the resultant curve will be 

y=sin mx-^-sm nar. 
This equation implies that not only are the radii of the cranks the same, 
but also that they start parallel to each other and at right angles to the 
vertical plane passing through their axes : both these conditions can, how- 
ever, be altered ; and therefore the general form of equation to the curves 
which the machine can draw will be 

y=a sin (nuv+a)-^h sin (na? + /3), 

* It should be observed here that the yibratoiy motion tfaos giTen to the frame is not 
truly harmonic. In order to make it so, a more complicated oontriTanoe than the simple 
crank and connecting-rod would have to be adopted ; but this would probably introduce, 
through unaroidable play, an error greater than the present one, the length of the con- 
necting-rodsand the small size of the cranks rendering the latter nearly inappreciable. The 
motion will, howeVer, forthesakeof convenienoe, be considered truly harmonic throughout 
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where a and h are the radii of the cranks, and a and fi are dependent 
on their relative inclinations to the above-mentioned vertical plane at 
starting. 

As an example, suppose that a=:&, while the ratio ofmtonisas2tol; 
then the above equation will represent the curve of pressure for the octave. 
Similarly, if m is to n as 16 to 15, the resultant curve represents the effect 
on the ear of a diatonic semitone, while the ratio 81 to 80 would give 
that of the comma. In both these curves, and more especially in the 
latter, the beats which would ensue on actually sounding the two tones 
together are shown with remarkable ^distinctness. 

As the machine is provided with a set of change-wheels, many different 
curves can be produced, while the form of each can be more or less 
changed by altering the relative positions of the cranks before bringing 
the idle wheel into gear. It is also possible to obtain very large viJues 
of m and n in the above equation by using two idle wheels on the same 
axis which shall come into gear, the upper one with the wheel on the one 
spindle, the lower one with that on the other. 

Thus, suppose A and B are the numbers of teeth on the spindle-wheels 
respectively, C and D those on the idle wheels, and let A gear with G 

and D with B ; then — --5 -— =- . Now, by properly choosing the four 

wheels, large values of m and n may be obtained. If, for instance, A =81, 

B«=80, C=66, and D«27, ^ = |^, this ratio being nearly = ^, the 

corresponding curve will represent the effect of an octave slightly out of 
tune. The period of such curves as these being very long, it is necessary 
to have a good supply of paper ; and this is arranged by carrying a reel- 
fuU on the horizontal frame, from which it is slowly unwound between 
the rollers. The rate at which this takes place has a good deal of influ- 
ence on the form of the resultant curve ; the slower it is the more com- 
pressed will the latter appear. Instead of using paper, the curves, pro- 
vided the periods are short enough, may be drawn on slips of blackened 
glass, which can be carried along between the tapes connecting the rollers ; 
they can be at once placed in a lantern and thrown on a screen. 

The width of contour of any curve depends on the radii of the cranks ; 
these may have any value between and half an inch, and therefore the 
limit of possible width at any part will be two inches ; so also, by altering 
the radii, a series of curves may be produced corresponding to the con- 
sonances of tones not of the same intensities. Since the maTJTmiTn width 
of any curve will be double the sum of the radii of the cranks, the paper 
is cut to a width of two and a half inches, within which all curves which 
can possibly be drawn will be comprised. 

The instrument is constructed by Messrs. Tisley and Spiller, of 
Brompton Soad, to whom some improvement upon the original model 
is due. 
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III. " On the Number of Figures in the Period of the Reciprocal 
of every Prime Number below 20,000.'' By William 
Shanks. Communicated by the Bev. Geobge Salmon. 
Received December 2, 1873*. 

The following Table, in reality the joint production of the Rev. G^rge 
Salmon, F.R.S., and myself, was commenced, and indeed nearly com- 
pleted, before either calculator was distinctly aware that Bun^hardt, 
Jacobi, or Desmarest had written or published any thing on the same 
subject. This fact is perhaps to be regretted ; but it has led to the in- 
dependent recalculation, by two different methods, both of Burckhardt's 
( Jacobi's Table is professedly a reprint of Barckhardf s) and of Desmarest's 
Table, and has resulted in the detection of several errors, which have, as 
far as I know, never before been pointed out. These errors, in the first 
place regarded as discrepancies, have been carefully examiaed ; in fact 
every case has been reworked by me, with the view of either proving or 
disproving the accuracy of such numbers as dilEer from those in our 
Table. The result is, that such discrepancies are found to be errors both 
in Burckhardt and Desmarest. The two lists of errors are given below* 

I now proceed to give the theorems used, and some account of the 
means employed by me in forming the Table. 

Let P be any prime number, except 2 and 5. Then, from Fermat's ■ 

10'-* 
theorem, we have p ^1 ; or, adopting the usual notation, 10'"*=sl. 

Again, since the number of figures in the period of the reciprocal of 

all primes is not P— 1 (or, in other words, since 10 is not a primitive 

root of all primes), 
p-i 
Let 10 » -=1, where n is even or odd, not less than 2, and not greater 

P-1 
than -Q^' Then we have 

(1) The number of figures in the period of the reciprocal of P is either 
P— 1 or a submultiple of P — 1. ^q. 

(2) Let a and h be integers, and let m be the remainder from -p ; 
that is, let 10*=m; then 10^=sm». 

In practice h is never greater than 2, at least little or no advantage is 

P-1 
gained by putting h higher. Also ah need not be greater than q * 

Cor. When m is greater than q ^^ °"^y obviously use P— m, or 
simply — m; for (P— wi)'«P— 2P«i+m*=m*, or, because (— m)'a=:m", 
6 being 2. 

(3) Let 10«=m, and 10*=n; then 10*+*=mn. 
In practice a-f 6 is never greater than P— 1. 

Cor, 1. When m and n are each of them less than P, we may with 
advantage use —m and — n; that is, we may subtract m and n severally 
from P ; for (P-w)(P— n)=:P»-.P(w-f »)+wn«=(— w)(— w), 
P— 1 5-1 

Cor. 2. When m is >~2 » *"^ '* ^® "^ ^2~' ^^ ^^ versd, we may use 

♦ The part from 17,000 to 20,000 wm received January 8, 187^Qg[e 



1874..] Reciprocal of every Prime Number below 20,000. 201 

^m and n, or vice versd, obtainmg a negative result, which becomes 
positive by being subtracted from P- p_i 

(4) Let 2c and 3c, not greater than — 2~' ^ submultiples of P— 1 ; 
and let 10'= ± S, and 10^=S - 1 ; then 10^= + 1 . This is evident from 
(2) and (3). p^, 

From (1) we have 10 » ^±1, according as the submnltiple of P-1 is 
even or odd. 

On these theorems and adjuncts my calculations have been based. 

They enable us to find the remainder either from t> , or from any 

p-i ^ 

submultiple, such as — p— , or from any figure ii p - , and, if required, 

the figure itself. Compared with other methods, such for instance as 
Dr. Salmon's *, mine may seem tedious, requiring as it does much multi- 
plication and division. All I can say is, I did not find it so, though I 
am free to admit that the calculation of such a Table as ours demands 
very considerable labour. 

It would be foreign to my purpose to enter upon the consideration of 
primitive roots, or even of prime numbers. If we have found 10 to be a 
primitive root of a great many prime numbers between 10,000 and 
20,000, we have contributed something, as far as I know, quite new. 
In addition to this we have found the number of figures in the period of 
each of the other primes between 10,000 and 20,000, and have corrected 
upwards of 70 errors in Burckhardt's and Desmaresf s Tables. 

I beg to refer to the works of Euler, Lagrange, Legendre, (Jauss, Poinsot, 
Cauchy;and Jacobi (mentioned by Desmarest), and to Desmarest himself, 
for valuable information touching prime numbers and primitive roots. 

I cannot, however, refrain from quoting from Desmarest's * Th^orie des 
Nombres ' the view of Euler as to prime numbers and primitive roots :— 
" On ne pent saisir entre un nombre premier et les racines primitives qui 
lui appartiennent, aucune relation d'oii Ton puisse d^uire une seule de 
ces racines, de sorte que la loi qui r^gne entre elles parait aussi profond^ 
ment cach^ que celle qui existe entre les nombres premiers eux-memes." 

Not discouraged by Euler's remark, Desmarest thus writes : — " Car 
pourquoi nous serait-il d^fendu d'ajouter que nous croyons que Tint^l- 
ligence humaine n'a pas, sur ce point, dit son dernier mot, et que les 
operations nombreuses que nous avons dii faire sur les nombres, ne nous 
ont pas convaincu de Timpossibilit^ de sabir, sinon Tensemble, du moins 
quelques-uns des anneaux de la chaine myst^rieuse qui unit les racines 
primitives aux nombres premiers." 

* Note by Dr, 8almon,--^The method hero referred to is explained, * Messenger of 
Mathematics' (1872), p. 49. It is founded on the remark that if we haye 10«=»', 
10»=2», we may deduce 10««-^^1. Thus, let the prime he 251, we can at once wnte 
do^the equations 10»=-2^ 2«=10S whence immedUtely l^^^^l^J^'^^ 
In like manner frOm the equations 10-=2'3^, 10»=2-3^, 10c=2»3^ we deduce that 
the number of figures m the period of the reciprocal of the prime is 

a{fnr^nq)+b(np'-rr)+c(lq--'mp). ^, .,.,,/ i 

B? the application of these principles I calculated the results obtained in the fol- 
lowing Table as far as 1 8500. For the primes above that nu mber Mr. Shanks is solpb- 
reeponsiWe; but my experience of his accuracy gires me confidence in his results, y^ 
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Table I. List of Errors in Desmaresf s Table. 



Prixnet. 



omitted j 
a77 
317 
397 
449 
787 
1409 
1657 

1733 
1889 

2087 

3»53 
3373 
3413 
35>7 
354« 
3547 
3637 
3677 
3769 
3811 
39" 
4049 

shoul* 



No.of figoret 
in period of 
redprooaL 



ouldbe I 

4»57 J 

7 

I 
I 



4397 
4621 
4651 
5871 
•hould 
487 
4943 
5081 
5107 
5407 
5479 
_5iii 



omitted 

'^1 
158 

198 

224 

786 

1408 

276 

433 

59 

P-i- P-l 

271 

562 

853 

1758 

60 

3546 
3636 
919 
942 
1910 
3910 
1012 



»57 
4620 

a3a5 



2471 
2540 
5106 
901 
5478 
55'8 



should be 



Naof 
flgnreiin 
period of 
reoiprocu* 



Primea. 



No. offlraet 
inpNeriodof 
redprocaL 



69 

79 

99 

3» 

393 

3» 

55a 

866 

118 

298 

843 
1706 

879 
20 

»773 
909 
1838 
1884 
3820 

»955 
2024 



314 

924 

4650 



4942 
1270 

^553 
1802 
2739 
^759 



5557 
5779 
5827 
6101 
6277 
6287 
8421 ] 
should be V 
6421 J 
6781 
6997 
7001 
7127 
7481 
7561 
77<7 
774» 
7841 

78.53 " 
omitted 
801 1 
8087 
8093 
8101 
8219 

84*3 
8521 
8609 
8681 
8893 
8999 
9067 
9187 

9397 
9521 
9629 
9649 
I 994» 



1389 

58*6 

3050 

3138 

3'43 



6780 

3498 
3500 

509 
3740 
3780 
38J8 
2580 

392 

omitted 

1335 
4043 
8092 
8100 
4109 

;84i2\ 

\4211; 

355 

4340 
4446 

8998 
9066 
9186 
4698 
952 
4814 
1206 
9940 



Ko. of 
flgnresin 
period of 
recipro3&I. 



should be 



926 
2889 
2913 
1220 
1569 
6286 



1356 

«749 
1750 
1018 
748 
1890 

l6^o 

56 

3926 

2670 
8086 
4046 
1620 
8218 

8422 

710 
1076 

868 
2223 
4499 
4533 
45|3 

595 
9628 

603 
198S 



l^JB. There are 64 errors, 3 misprints, 2 omissions, yix. 3 and 7853 



Table II. List of Errors in Burckhardt's and Jacobi's 


Tables. 






Ko.offlgQre8 




in periold of 




Primes. 


in period of 








reaprooal. 




reoiproc0'< 


Burckhardt and Jacobi .. 


911 


450 


should be 


.;ii\ 

\ 


Burckhardt 


1979 
3462 1 


1976 




Jaoobi 


It 




should be 






I 




3467 J 






) 




I2I3 


I2I2 


)t 


»0» 1 




1597 


266 




1 


•33 N 




1831 


9>5 




» 


30s 


Burckhardt and Jacobi . . . < 


1951 


390 . 




f 


iV ! 




1993 1992 




t 


664 ; 




231 X 462 




t 


»ji / 




2437 1 2436 




» 


121S 




_. 3-67 _ 


-. 3466__,_ 


initjypd 


"cvAwoi 


bo '73'. 
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In the left-hand columns of Table III, arc primes ; in the right-hand columns, imme- 
diately opposite, is the number of figures in the period of the reciprocal of each prime. 

TABiain. . - ! 



3 


I 


3" 


«5S 


691 


130 


1109 


1 108 


15^7 


1566 


7 


6 


3'3 


311 


701 


700 


1117 


558 
561 


»57» 


XS70 


11 


a 


317 


79 


709 


708 


1113 


1579 


'578 


»3 


6 


331 


no 


719 


359 


1 119 


564 


1583 


1581 


17 


16 


337 


336 


717 


716 


1151 


575 


«597 
x6oi 


133 


19 


18 


H7 


173 
116 


733 


61 


"53 


1151 


200 


»3 


ai 


349 


739 


146 


1163 


581 


X607 


1606 


19 


a8 


353 


31 


743 


74a 


"Z' 


1170 


1609 


101 


31 


»5 


359 


»79 


751 


115 


ix8z 


1x80 


16x3 


XI 


37 


3 


367 


366 


? 


17 


1187 


593 


16x9 


4« 


5 


373 


186 


380 


"93 


XX91 


x62t 


1610 


43 


11 


379 


378 


769 


191 


120X 


200 


1627 


171 


47 


46 


383 


381 


773 - 


»93 


1213 


101 


X637 • 


409 


53 


11 


389 


388 


7«7 


393 


1217 


X116 


i 


11* 


l\ 


397 


99 


797 


199 


1223 


Xlll 


x66i 


60 


401 


100 


809 


101 


X129 


X128 


X667 


833 


«7 


33 


409 


104 


811 


810 


123X 


*I 


X669 


556 


7« 


'1 


419 


418 


811 


810 


1237 


206 


1693 


■^ 


73 


4»I 


140 


8«3 


811 


X249 


108 


X697 


11 


>3. 


431 


US 


!*7 


176 


1259 


'J5! 


X699 


j66 


41 


433 


43» 


Sa, 


1277 


638 


X709 


1708 


S9 


5t 


439 


119 


839 


419 


1279 


639 


X72I 


430 


97 


H3 


111 


!« 


•!i 


1283 


641 


1723 


»«7 


lOI 


4 


449 


3a 


857 


1289 


9* 


1733 


866 


103 


34 


JS 


151 


Jif 


16 


129 1 


X190 


1741 


1740 


107 


>ii 


460 


861 


1297 


X196 


1747 


»?' 


109 


463 


«54 


5; 


438 


1301 


1300 


1753 


S«4 


i»3 


III 


467 


^33 . 


440 


1303 


1301 
653 


1759 


'11 


1*7 


4» 


479 


139 


883 


ni 


1307 


1777 


1776 


131 


130 


4«7 


486 


887 


X319 


659 


1783 


'fl 


137 


8 


49« 


490 


907 


«5« 


1321 


55 
1316 


1787 


.;y 


139 


4fi 


499 


498 


9IX 


455 


1317 


1789 


149 


148 


503 


501 


919 


459 
464 


1361 


680 


x8ox 


If 


i5« 


11 


509 


508 


919 


1367 


'IS 


x8xx 


x8xo 


163 


511 


^i\ 


937 


936 


1373 


X813 


X821 


81 


523 


941 


940 


1381 


1380 


X831 


305 


167 


166 


54« 


540 


947 


473 


1399 


699 


1847 


1846 


»73 


43 


547 


9» 


953 


95* 


1409 


3; 


x86i 


i860 


»79 


178 


557 
563 


181 


967 


321 


1413 


158 


1867 


933 


181 


180 


971 


970 


1427 


713 


X871 


X871 
938 


191 


95 


569 


184 


577 


976 


1429 


1418 


1873 


>93 


19a 


571 


570 


983 


981 


H33 


X432 


X877 


197 


98 


577 


576 


99' 


til 


1439 


7x9 


'IP 


3'| 


199 


99 


587 


193 


997 


1447 


1446 


1889 


1x8 
380 


III 


30 


593 


59» 


X009 


151 


«45« 


190 


1901 


123 


111 


599 


199 


1013 


*53 
1018 


1453 


716 


X907 


953 


»»7 


113 


6bi 


300 


1019 


H59 


161 


19x3 


19x1 
386 


119 


118 


607 


101 


lOlI 


1010 


;s; 


735 


X931 


^33 


131 


613 


II 


X031 


103 


740 


»933 


11 


139 


7 


617 


1033 


1031 


1483 


H7 


1949 


1948 


a4i 


30 


619 


618 


1039 


519 


1487 


i486 


X951 


1978 


aSi 


50 


631 


3«5 


XC49 


5H 


1489 


148 


1973 


III 


y$ 


641 


3* 


105 K 

IO6I 


Z050 


H93 


373 


1979 


643 


107 


111 


H99 


114 


1987 


IV 


>69 


168 


647 


646 


1063 


1061 


1511 


755 


1993 


S 


»7» 


5 


653 


316 


1069 


1068 


1523 


761 


X997 


»77 


s 


659 


658 


1087 


1086 


1531 


1530 


X999 


999 


aSt 


661 


110 


1091 


1090 


1543 


'^2 


1003 


XOOI 


183 


H« 


673 


\^ 


1093 


1096 


1549 


1548 


lOXl 


670 
2016 


193 


146 


677 


1097 


1553 


i55» 


1017 


307 


153 


6S3 


34« 


1 103 


XlOl 


1559 


779 


2027 


IOI3 


" 














Uigitiz 


at^VgciC 


JUglC 
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Table III. (continued). 








2019 


S028 


4539 


2538 


3023 


3021 


3547 


1773 


4057 


4056 


1039 


lOXf 


^543 


2542 


3037 


253 


3557 


*54 


4073 


4072 


2053 


34a 


»549 


2548 


3041 


380 


3559 


1779 


4079 


2039 


2063 


2062 


2S5I 


425 


3049 


508 


3571 


3570 


409X 


4090 


2069 


2068 


1557 


639 


3061 


204 


358t 


3580 


4093 


22 


2081 


1040 


»579 


2578 


3067 


1533 


3583 


"94 


4099 


4098 


2083 


1041 


2591 


259 


3079 


1539 


3593 


3592 


411 1 


205s 


2087 


298 


2593 


2592 


3083 


1 541 


3607 


3606 


4127 


4126 


2089 


1044 


2609 


1304 


3089 


1544 


36x3 


602 


4129 


2064 


2099 


209I: 


2617 


2616 


3109 


148 


36x7 


3616 


4133 


1033 
4x38 


2III 


loss 


2621 


2620 


31x9 


1559 


3623 


3622 


4139. 


2113 


2112 


2633 


2632 


3X2X 


156 


3631 


i8xs 


4x53 


41S2 


2129 


53* 


2647 


882 


3^37 


3x36 


3637 


0D9 
1821 


4'57 


2078 


2I3I 


710 


2657 


2656 
886 


3163 


iS8x 


3643 


4»59 


693 


2137 


2136 


26S9 


3x67 


3166 


3659 


3658 


4»77 


4176 


2141 


2140 


2663 


2662 


3169 


72 


3671 


367 


4101 


75 


2143 


2142 


2670 


1335 


3x81 


636 


3673 


^Vl 


421 X 


4210 


2153 


2152 


2677 


223 


3187 


177 


3677 


1838 


4217 


4216 


2161 


30 


2683 


447 


3X9X 


29 


3691 


1230 


4219 


42x8 


2179 


2178 


2687 


2686 


3203 


1601 


3697 


1232 


4229 


4228 


2203 


IXOX 


2689 


42 


3109 


1604 


3701 


3700 


423 X 


21x5 


2207 


2206 


2693 


1346 


3217 


1072 


3709 


3708 


4241 


X060 


2213 


553 


2699 


2698 


322X 


3220 


3719 


1859 


1V243 


2x21 


2221 


2220 


2707 


1353 


3229 


1076 


3727 


3726 


4253 


1063 


*»37 


1X18 


271 1 


1355 


3251 


3250 


3733 


933 


4259 


4258 


2239 


1119 


2713 


2712 


3253 


542 


3739 


1246 


4261 


4200 


2243 


1121 


2719 


1359 


3*57 


3256 


3761 


1880 


427 X 


2x35 


2251 


2250 


2729 


682 


3*59 


3258 


3767 


3766 


4273 


1424 


2267 


"33 
2268 


2731 


2730 


3271 


163s 


3769 


1884 


4283 


214X 


2269 


2741 


2740 


3299 


3298 


3779 


"3778 


4289 


2144 


2273 


2272 


»749 


9x6 


3301 


3300 


3793 


1264 


4297 


1432 


2281 


228 


2753 


2752 


3307 


1653 


3797 


949 


4327 


4326 


2287 


762 


2767 


2766 


3313 


3312 


3803 


X901 


4337 


4336 


2293 


1 146 


2777 


2776 


33«9 


553 


3821 


3820 


4339 


4338 


2297 


2296 


2789 


2788 


3323 


i66x 


3823 


1274 


4349 


4348 


2309 


2308 


2791 


31 


3329 


832 


3833 


3832 


4357 


242 


2311 


231 


2797 


699 


3331 


3330 


3847 


3846 


4363 


2181 


^333 


583 


2801 


1400 


3343 


3342 


38sx 


770 


4373 


X093 


a339 


2338 


2803 


1401 


3347 


1673 


3853 


963 


4391 


2195 


2341 


2340 


2819 


2818 


3359 


1679 


3863 


3862 


4397 


3«4 


»347 


"73 


2833 


2832 


3361 


1680 


3877 


969 


4409 


55X 


2351 


"75 


2837 


709 


3371 


3370 
4? 


388t 


1940 


4421 


4420 


^357 


H78 


2843 


142 1 


3373 


3889 


»944 


4423 


4422 


2371 


2370 


2851 


2850 


3389 


3388 


3907 


1953 


4441 


2220 


2377 


a 


*5F 
2861 


408 


3391 


1695 


39" 


19*55 
1958 


4447 


4446 


2381 


2860 


34^7 


3406 


3917 


4451 


4450 


2383 


2382 


2879 


1439 
2886 


3413 


1706 


3919 


653 


4457 


4456 


2389 


2388 


2887 


3433 


3432 


3923 


1961 


4463 


4462 


2393 


184 


2897 


2896 


3449 


^r 


3929 


491 


4481 


2240 


2399 


1 199 


2903 


2902 


3457 


384 


3931 


1310 


4483 


249 


241 1 


24x0 


2909 


2908 


3461 


3460 


3943 


3942 


4493 


1 123 


2417 


2416 


2917 


1458 


3463 


3462 


3947 


1973 


4507 


751 


2423 


2422 


2927 


2926 


3467 


^m 


3967 


3966 


4513 


1504 


H37 


1218 


2939 


2938 


3469 


3468 


3989 


3988 


4517 


2058 


2441 


30s 


2953 


984 


3491 


698 


400X 


500 


4519 


753 


^447 


2446 


2957 


1478 


3499 


318 


4003 


87 


4523 


2261 


H59 


2458 


29^3 


148X 


35" 


X755 


4007 


4006 


4547 


2273 


2467 


137 


2969 


371 


35x7 


879 


4013 


34 


4549 


15x6 


2473 


2472 


297X 


2970 


3527 


3526 


4019 


4018 


4S6i 


2280 


a477 


619 
278 


2999 


1499 


3529 


1764 


4021 


268 


4567 


4S66 


2503 


300X 


xsoo 


3533 


1766 


4027 


2613 


4583 


4582 


2521 


630 


301 1 


3010 


3539 


3538 


4049 


2024 


4591 


229s 


2531 


46 


3019 


3018 


3541 


20 


4051 


4050 


4597 


2298 
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TablDIII. 


(c(Mtinued)» 








4603 


2301 


5147 


^573 


5689 


3x6 


6*47 


6246 


6803 


3401 


4621 


924 


5153 


5152 


5693 


X423 


6257 


6256 


6823 


6822 


4637 


6z 


5167 


5166 


5701 


5700 


6263 


6262 


6827 


34U 


4639 


2319 


5171 


no 


57«i 


571 


6269 


6268 


6829 


6828 


4643 


2321 


5179 


^'ZS 


5717 


1429 


6271 


X045 


6833 


6832 


4649 


^ 7 


5189 


5188 


5737 


5736 


6277 


1569 


6841 


855 


4651 


4650 


5197 


433 


5741 


5740 


6287 


6286 


6857 


6856 


4657 


1552 


5209 


37» 


5743 


574* 


6299 


94 


6863 


6862 


4663 


222 


5»»7 


2613 


5749 


5748 


6301 


6300 


6869 


6868 


4673 


4672 


5231 


2615 


5779 


2889 


63x7 


3158 


6871 


3435 


4679 


^339 


5*33 


5232 


5783 


5782 


6323 


3x61 


6J83 


344> 


4691 


4690 


5»37 


77 


5791 


965 


6329 


3x64 
6336 


689; 


6898 


4703 


4702 


5261 


J052 


5801 


X450 


6337 


6907 


IX5X 


4721 


2360 


5*73 


5272 


5807 


5806 


6343 


6342 


69x1 


3455 


47»3 


2361 


5»79 


2639 


5813 


2906 
5820 


6353 


635* 


6947 


^ 


47*9 


1182 


5*81 


2640 


5821 


6359 


3179 


6949 


4733 


1183 


5»97 


5296 


5817 


29x3 


6361 


1590 


6959 


3479 


4751 


*375 


5303 


5302 


5839 


29x9 


6367 


6366 


696X 


3480 


4759 


»^79 


5309 


5308 


5843 


2921 


6373 


X062 


6967 


6966 


4783 


4782 


53*3 


266X 


5849 


1462 


6379 


2x26 


697 X 


6970 


4787 


2393 


5333 


'333 


5851 


1950 


6389 


6388 


6977 


6976 


4789 


228 


5347 


2673 


5857 


5856 


6397 


78 


6983 


6982 


4793 


479» 


5351 


2675 


5861 


5860 


642 X 


2x40 


699X 


3495 


4799 


2399 


5381 


5380 


5867 


2933 


64*7 


X07X 


6997 


1749 


4801 


800 


5387 


2693 


5869 


5868 


6449 


X6l2 


7001 


1750 


4813 


802 


5393 


539a 


5879 


2939 


6451 


2150 


70x3 


3506 


4817 


4816 


5399 


2699 


5881 


2040 
5896 


6469 


9*4 


70x9 


70x8 


4831 


805 


5407 


J 802 


5897 


6473 


6472 


7027 


XX7I 


4S6X 


972 


5413 


2706 


5903 


5902 


6481 


270 


7039 


391 


4871 


H35 


5417 


5416 


59*3 


296x 


649X 


X298 


7043 


503 


4877 


1219 


5419 


5418 


59*7 


5926 


652X 


815 


7057 


?pt 


4889 


1444 


543 1 


2715 


5939 


5938 


6529 


X088 


7069 


4903 


1634 


5437 


»359 


5953 
5981 


1984 


6547 


X09X 


7079 


3539 


4909 


X636 


5441 


2720 


5980 


655X 


3*75 


7x03 


7x02 


4919 


^459 


5443 


907 


5987 


2993 


6553 


6552 


7x09 


7x08 


493 « 


4930 


5449 


2724 


6007 


858 


6563 


328X 


7x21 


3560 


4933 


2466 


547 X 


547 


601 1 


60x0 


6569 


X642 


7x27 


X018 


4937 


4936 


5477 


1369 


6029 


6028 


657X 


6570 


7x29 


594 


4943 


4942 


5479 


2739 


6037 


30x8 


6577 


2x92 


7i5« 


*75 


495« 


*475 


5483 


2741 


6043 


302X 


658X 


1316 


7159 


357? 


4957 


413 


5501 


5500 


6047 


6046 


6599 


3*99 


7177 


7x76 


4967 


4966 


5503 


5502 


6053 


3026 


6607 


2202 


7x87 


3593 


4969 


828 


5507 


a753 


6067 


3033 


66x9 


6618 


7193 


7x92 


4973 


226 


55*9 


1759 


6073 


6072 


6637 


474 


7207 


7206 


4987 


»493 


5521 


345 


6079 


XOX3 


6653 


3326 


72XX 


1030 


4993 


1664 


55*7 


5526 


6089 


76X 


6659 


6658 


72x3 


X803 
72x8 


4999 


357 


5531 


5530 


6091 


2030 


666x 


6660 


72x9 


5003 


2501 


5557 


926 


6ioi 


X220 


6673 


6672 


7**9 


7228 


5009 


626 


5563 


2781 


61 1 3 


6XX2 


6679 


3339 


7*37 


362X 


5011 


1670 


55^9 


139a 


6x21 


3060 


6689 


X672 


7*43 


5021 


5020 


5573 


2786 


6131 


6x30 


669X 


6690 


7*47 


7246 


5023 


1674 


5581 


5580 


6133 


1533 


670X 


6700 


7*53 
7283 


J^ 


5039 


2519 


5591 


2795 


6143 


6x42 


6703 


6702 


364X 


5051 


50 


5^*3 


5622 


615X 


XO25 


6709 


6708 


7*97 


*43* 


5059 


5058 


5639 


2819 


6163 


79 


67x9 


33S6 


7307 


3653 

7308 


5077 


2538 


5641 


470 


6173 


3086 


6733 


7309 


5081 


1270 


5647 


1882 


6197 


3098 


6737 


6736 


73*1 


3660 


5087 


5086 


5651 


5650 


9199 


3099 


676X 


X690 


7331 


Z466 


5099 


5098 


5653 


2826 


6203 


443 


6763 


x6i 


7333 


6x1 


5101 


1700 


5657 


5656 


62x1 


62x0 


6779 


6778 


7349 


7348 


5107 


»553 


5^59 


5658 


62x7 


62x6 


678 z 


X356 


735» 


X225 


5"3 


1704 


5669 


5668 


6221 


6220 


679X 


679 


7369 


184* 


5119 


853 


5683 


2841 


6229 


2076 


6793 


6792 


7393 

1 1 *i -f' 


739* 
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74" 


7410 


7937 


7936 


8543 


854* 


9103 


9102 


9649 


«o3 


74*7 


1472 


7949 


7948 


«S«3 


♦*!l 


9109 


9108 


966X 


X38O 


7433 


7432 


795» 


3975 


«573 


4286 


9127 


3042 


9677 


24X9 


745« 


7450 


7963 


3981 


8581 


2860 


9*33 


1522 


9679 


x6x3 


7457 


745« 


7993 


2664 


»S97 


2149 


9»37 


9136 


9689 


^ 


7459 


7458 


8009 


2002 


«S99 


1433 


9151 


«5*5 


9697 


7477 


3738 


8011 


2670 


8609 


1076 


9»57 


4578 


97x9 


♦55' 


7481 


748 


8017 


8016 


S«>3 


8622 


9161 


*Jf 


9721 


4860 


7487 


7486 


8039 


4019 


8627 


43»3 
2876 


9»73 


4586 


9733 


2433 
9738 


7489 


1S72 


8053 


4026 


8619 


9181 


3060 


9739 


7499 


7498 


8059 


8058 


!!♦' 


4|20 

8646 


9187 


4593 


9748 


974* 


7507 


3753 


8069 


8068 


8«47 
8663 


9199 


4599 


9749 


9748 


75^7 


3758 
3761 


8081 


2020 


8662 


9203 


4601 


9767 


9766 


75*3 


8087 


8086 


86«9 


8668 


9209 


2302 


9769 


4884 


75*9 


1882 


8089 


1348 


8677 


7*3 


9221 


9220 


9781 


9780 


7537 


2512 


8093 


4046 


8681 


868 


9227 


46x3 


9787 


4893 


754 1 


7540 


8101 


1620 


8689 


2172 


9239 


46x9 


9791 


4895 


7547 


3773 
15*S 


8111 


811 


S693 


4346 
8698 


9241 


4620 


9803 


4901 


7549 


8,17 


2029 


8699 


9*57 


9256 


981 X 


9810 


7559 


3779 


8123 


4061 


8707 


4353 


9*77 


4638 


9817 


9816 


7561 


1890 


Vr 


4073 


8713 


8712 


9281 


928 


9829 


9828 


7573 


631 


8161 


1020 


8719 


4359 


9283 


1547 


9833 


983* 


7577 


7576 


8167 


2722 


8731 


8730 


9*93 


*3*3 


9839 


4919 


75«3 


7582 


8171 


8170 


8737 


2912 


93«i 


4655 


9851 


9850 


7589 


1084 


8179 


8178 


«74i 


874x> 


9319 


4659 


9857 


Sil 


759» 


3795 


8191 


1365 


8747 


4373 


9323 


466X 


9859 


7603 


1267 


8209 


4104 
8218 


%i\ 


875* 


9337 


3XX2 


9871 


4935 


7607 


7606 


8219 


876 


9341 


9340 


9883 


4941 


7621 


508 


8221 


2740 


8779 


22 


9343 


934* 


9887 


9886 


7639 


3819 


8231 


4"5 


8783 


8782 


9349 


31x6 


990X 


X2 


7643 


3821 


8233 


8232 


8803 


1467 


9371 


9370 


9907 


4953 


7649 


1912 


8137 


4118 


8807 


8806 


9377 


9376 


99*3 


4961 


7669 


284 


8243 


A121 
8262 


8819 


8818 


9391 


♦1? 


99*9 


X24X 


7673 


7672 


8263 


8821 


8820 


9397 


9931 


9930 


7681 


1920 


8269 


8268 


8831 


4415 


9403 


1567 


994X 


X988 


7687 


7686 


!*73 


8272 


8837 


4418 


94" 3 


4706 


9949 


9948 


7691 


7690 


8287 


8286 


8839 


4419 


94^9 


554 


9967 


9966 


7699 


7698 


829X 


8290 


8849 


553 


9421 


9420 


9973 


554 


7703 


7702 


8*93 


2073 


8861 


8860 


9431 


4715 


X0007 


X0006 


7717 


1929 


8297 


8296 


!S^3 


8862 


9433 


X048 


X0009 


5004 
386 


77*3 


1287 


8311 


nil 


8867 


nil 


9437 


4718 


10037 


7727 


7726 


8317 


'8887 


9439 


1573 


X0039 


50x9 


774» 


860 


8329 


1041 


8893 


2223 


9461 


9460 


xoo6x 


10060 


7753 


775* 


8353 


8354 
4x81 


8923 


1487 


9463 


3154 


X0067 


5033 


7757 


»939 


f^!^ 


8929 


»44 


94^7 


4733 


10069 


X0068 


7759 


3879 


8369 


JJ76 


8933 


22J3 

2980 


9473 


947* 


X0079 


5039 


7789 


2596 


l^V 


8941 


9479 


4739 


X009X 


X0090 


7793 


779* 


l^V 


,112 


%^^ 


4475 


9491 


9490 


X0093 


2523 


7817 


7816 


8389 


4481 


9497 


9496 


10099 


3366 


7823 


7822 


8419 


2806 


8969 


4484 


9511 


1585 


XOX03 


10x02 


7819 


7828 


8423 


8422 


8971 


8970 


9521 


^2^ 
2383 


XOXIX 


5055 


7841 


56 


8429 


8428 


8999 


4499 


9533 


XOX33 


2533 


^!P 


3926 


8431 


4215 


9001 


II2S 


9539 


9538 


10x39 


XOX38 


7867 


3933 
7872 


8443 


J"J 


9007 


3002 


9547 


4773 


IOX4X 


XOX40 


7873 


H7 


8446 


9011 


9010 


9551 


955 


XOX5X 


5075 


7877 


3938 


8461 


2820 


9013 


2*53 


9587 


4793 


10x59 


5079 


'^Vj 


3939 


8467 


4*33 


9029 


9028 


960X 


4800 


IOI63 


508 X 


7883 


3941 


85o« 


8500 


9041 


1 130 


9613 


267 


10x69 


5084 


7901 


7900 


8513 


8512 


9043 


4521 


9619 


3206 


IOI77 


10x76 


7907 


3953 


8521 


710 


9049 


45H 


9623 


9622 


xoxSx 


10x80 


7919 


3959 
79*6 


8527 


2842 


9059 


9058 


9629 


9628 


10x93 


10x92 


79*7 


8537 


\i% 


9067 


4533 


9631 


4815 


I02XX 


102 10 


7933 


3966 


8539 


9091 


10 


9643 


4821 


XO223 


.10222 
\c> 
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I0143 


569 


10847 


10846 


1 1447 


11446 1 "0^9 
5733 1 iao7» 


6014 


Z16I3 


6306 


10247 


10146 


10853 


5416 


11467 


355 


11619 


4106 


10153 


1563 


10859 


10858 


11471 


5735 


11073 


11071 


11637 


3J59 


Z0159 


10158 


10861 


10860 


11483 


5741 


11097 


4031 


I164I 


3160 


10167 


5«33 


10867 


1811 


11489 


1871 


IllOl 


ZIIOO 


11647 


11646 


10171 


79 


10883 


5441 


1 1491 


766 


11107 


6053 1 11653 
4036 1 11659 


6316 


10173 


10171 


10889 


1711 


11497 


11496 


11109 


11658 
181 


10189 


S144 


10891 


1110 


11503 


11501 


11113 


mil 


11671 


10301 


10300 


10903 


10901 


M519 


5759 


11119 


6059 


11689 


793 


10303 


3434 


10909 


1111 


11517 


384a 


11143 


X1141 


11697 


11696 


10313 


10311 


10937 


10936 


11549 


11548 


11149 


11148 


11703 


4*34 


10311 


1580 


10939 


10938 


11551 


1915 
11578 


11157 


1016 


11713 


11711 


10331 


1066 


10949 


10948 


11579 


11161 


6080 


11711 


1110 


10333 


5166 


10957 


»739 


11587 


1931 


11163 


6081 


"739 


4*46 


10337 


10336 


10973 


*743 


»i593 


11591 


11197 


3049 


"743 


11741 


»0343 


1034J 


10979 


10978 


11597 


5798 


11103 


6101 


"757 


1116 


I03S7 


5i7« 


10987 


5493 


11617 


11616 


mil 


4070 


11763 


709 


10369 


1591 


10993 


10991 


X1611 


11610 


11117 


6113 


"781 


11780 


10391 


5'95 


11003 


5501 


11633 


11631 


11139 


6119 


11791 


6395 


10399 


1733 


11017 


11046 


11657 


"S^s 


1 1141 


6110 


11799 


1133 


10417 


5213 


11047 


-ki677 


5838 


11151 


I1150 


11809 


6404 


10419 


948 


11057 


11056 


11681 


5840 


11153 


3063 


11811 


11810 


10433 


10431 


11059 


11058 


11689 


487 


11163 


. X1161 


11813 


11811 


"0453 


5116 


11069 


11068 


11699 


11698 


11169 


11168 


11819 


4176 


10457 


10456 


11071 


615 


11701 


11700 


11177 


3069 


11841 


6410 


10459 


10458 


11083 


1847 


11717 


1919 


11181 


6140 


11889 


459 


10463 


10461 


11087 


481 


11719 


5859 


11189 


384 


3111 


10477 


1746 


11093 


1773 


11731 


11730 


11301 


1460 


11893 


3113 


10487 


10486 


11113 


3704 


"743 


1174* 


11313 


6161 


11899 


11898 


10499 


10498 


11117 


1779 


11777 


11776 


11319 


3081 


11907 


6453 


10501 


3500 


11119 


5559 


11779 


3916 


"343 


4114 


I19I1 


6455 


10513 


10511 


11131 


11130 


11783 


11781 


"347 


6173 


11917 


6458 


10519 


5164 


11149 


11148 


11789 


11788 


11373 


6186 


11919 


1153 


10531 


10530 


11159 


5579 


11801 


1950 


11377 


11376 


11913 


6461 


10559 


5*79 


11161 


310 


11807 


11806 


11379 


11378 


11941 


11940 


10567 


10566 


11171 


11170 


11813 


5006 

ii8so 


11391 


6195 


11953 


11951 


10589 


10588 


11173 


5586 


11811 


11401 


1140 


11959 
11967 


6479 


10597 


5198 


11177 


11176 


11817 


59x3 


11409 


6104 


4311 


10601 


1060 


IH97 


1799 


11831 


169 


11413 


6106 


11973 


1161 


10607 


10606 


11113 


1803 


11833 


11831 


11411 


11410 


11979 


11978 


10613 


75« 


11139 


5619 


11839 

''lb 


5919 


"433 


4'44 


11983 


11981 


10617 


5313 


11143 


5611 


11861 


"437 


6118 


13001 


1615 


10631 


5315 


11151 


1150 


11867 


A\\\ 


11451 


11450 


13003 


6501 


10639 


5319 


11157 


11156 


11887 


"457 


11456 


13007 


13006 


10651 


10650 


T1161 


1151 


11897 


11896 


"473 


iH7a 


13009 


1168 


10657 


10656 


11173 


11171 


11903 


11901 


11479 


r':^\ 


13033 


4344 


10663 


10661 


11179 


5639 


11909 


X1908 


11487 


13037 


6518 


10667 


5333 


11187 


11186 


11913 


5961 


ii49» 


11490 


13043 


6511 


10687 


10686 


11199 


11198 


11917 


11916 


11497 


11496 


13049 


3261 


10691 


10690 


11311 


377 


11933 


5966 


11503 


1 1501 


13063 


13061 


10709 


10708 


11317 


943 


11939 


11938 


11511 


1085 


13093 


11S2 


10711 


595 


11311 


IMI 

1888 


11941 


11940 


11517 


149 


13099 


13098 


10713 


5361 


11319 


"953 


1195* 


11517 


11516 


13103 


13101 


10719 


596 


11351 


5675 


11959 


5979 


11539 


11538 


13109 


13108 


10733 


i68j 
10738 


"353 


iij5» 
811 


11969 


351 


11541 


4180 


13I1I 


6560 


10739 


11369 


11971 


11970 


"547 


6173 


13117 


13126 


10753 


3584 


11383 


11381 


11981 


11980 


"553 
11569 


11576 


13x47 


939 


10771 


1154 


11393 


11391 


11987 


5993 


13I5X 


13x5 


10781 


10780 


11399 


5609 
1181 


11007 


4001 


"577 


X3»59 
13163 


Vl^ 


10789 


10788 


11411 


11011 


nolo 


11583 


'*58j 


6581 


10799 


5399 


11413 


11411 
1859 


11037 


3009 

6010 


11589 


11588 


13171 


4390 


10831 


54»5 


11437 


11041 


11601 


6300 


13x77 


13176 


,0837 


63 


1 1443 


1907 


11043 


1007 


11611 


11610 


13183 


4394 
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13187 


6593 


13807 


r38o6 


14461 


4820 


1 506 1 


5020 


15629 


15628 


I32I7 


13216 


13829 


13828 


'4479 


7*39 


15073 


15072 


15641 


1^' 


13119 
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February 26, 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The following Papers w«!e read : — 

I. " The Winds of Northern India, in relation to the Temperature 
and Vapour-constituent of the Atmosphere/' By Henry F, 
Blanford, F.G.S,, Meteorological Reporter to the Government 
of Bengal. Communicated by Major-General Strachey, R.E. 
Received May 25, 1873. 

(Abstract.) 

The object of this paper is to describe the normal wind-currents of 
Northern India, and their annual variation, and to trace out their origin 
and causes, so far as these can be discovered in the local physical 
changes of the atmosphere. After referring to the data on which his 
conclusions are based, the author goes on to describe the \iinds of the 
principal geographical regions of North India in detail. 

Part I. Description of Winds, 
1. The Punjab, — ^As a rule currents from the westward predominate on 
an average throughout the year ; and this is also found to be the case in 
other parts of North India. In the most northern part of the Punjab, 
westerly winds prevail in the cold and hot dry months, easterly in the 
rainy months. In the central districts northerly winds preponderate 
over southerly, having in the cold months a westerly tendency, but 
drawing round to the north-east as the hot weather comes on, while as 
the rainy season sets in the winds tend to east and south-east, returning 
to west after the rain ceases in September. In the southern part of the 
Punjab (and this is also the case in Sindh) easterly winds never prevail, 
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and southerly, south-westerlj, ftnd north-westerly winds predominate— 
the two fonner in the rainy months, the last in the cold and hot dry 
season. In the coldest months the wind veers towards the north, and 
occasionally passes a little to the east of north. 

2. The Qangetie Plain. — ^The great chain of the Himalaya, which skirts 
the northern edge of this region, the elevation of which is between 150 
feet above sea-level on the east and 900 feet on the west, determines in a 
great measure the direction of its prevailing winds ; and those from the 
north-west and south-east much exceed those from other quarters. In 
the western part of the plain the north-westerly winds somewhat exceed 
the easterly. In the eastern part the converse holds good. The change 
from the westerly to the easterly direction accompanies the change from 
the hot and dry season to the rains, and from easterly to westerly that 
from the rains to the cold season. In the districts more remote from the 
mountains the tendency to a westerly direction increases, and occasional 
south-west winds blow, apparently caused by incursions from the Arabian 
Sea. During the hot months, and during the day, the westerly winds 
blow with great force, falling at night ; calms are a characteristic of the 
nights, and prevail most in the colder months* As the hot season advances 
the easterly winds become more frequent, and attain their maximum in 
July, when the rain becomes general. The winds veer from the west 
through the north to east and south-east, the opposite change being more 
abrupt, and at one place of observation apparently retrograde. 

8. Flatean of Sajpootana, — ^This region is somewhat elevated above the 
Oangetic plain, varying from 800 or 900 feet to 1800 feet above the sei^ 
level. Winds from the west and south-west greatly exceed those from 
other quarters in the southern districts, commencing as early as Eebruary 
and continuing till November, when they are replaced by northerly and 
north-easterly winds. The north-east winds are comparatively weak and 
unsteady, and interrupted by caln^s. A similarity to the winds of the 
Southern Punjab may be observed. The northern part of the plateau of 
Bajpootana partakes more of the character of the Oangetic plain in its 
winds, the winds of the hot season being chiefly westerly and north- 
westerly ; but the rainy season is accompanied by south-westerly winds, 
and not by easterly winds as in the Ghmgetic plain ; and easterly winds 
are always rare. 

4. Central India. — ^This region is on an average somewhat less elevated 
than that last referred to ; it is traversed by the high land known as the 
Satpoora range, and is otherwise considerably broken up into valley and 
mountain, so that the winds are more influenced by merely local con- 
ditions than in the less hilly regions before noticed. Westerly winds on 
the whole prevail. In the hot months westerly and north-westerly 
winds predominate. Local inroads of south-westerly winds occur during 
the rainy months on the north of the Satpoora range, and less strongly 
on the south of the range; as the rainy season ceases the winds veer 
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through west to north and north-east, which direction is dominant after 
November till January, when the northerly tendency fails and southerly 
winds blow, which again pass into the westerly winds of the hot months. 
This region participates in the characteristics both of the plains of 
Northern India and of the Peninsula, which last is under the influence 
of the true south-west and north-east monsoons. During the cold 
months and the rainy season respectively, when the two great monsoons 
are at their height, the winds of the Central India plateau are from the 
norths-east and south-west, while those of the Oangetic plain are from 
the north-west and south-east, the former blowing to or from the Arabian 
or Western Sea, the latter to or from the Bay of Bengal, or Eastern Sea. 
Only in the hot season do the winds approximate, blowing from the dry 
region to the north-^est towards the thermal focus of Central India and 
Western Bengal. 

6. We8tei'7i Bengal. — This region includes the continuation of the 
plateau of Central India to the margin of the delta of the Ghmges, and 
descends to the Bay of Bengal. The northern part, being a compara- 
tively open tableland, participates ^greatly as to its winds in the characters 
of the neighbouring Gangetic plain. The west and north-west winds of 
the cold months are followed by south-west and south winds, which draw 
round to south-east during the rainy season, again reverting to north- 
west through west. Occasional incursions of the south-west monsoon 
are felt, which are perceptible in the Gangetic valley. On the coast the 
winds are very different. The west and north-west winds of the interior 
are quite subordinate. North and north-east winds begin in October, 
when the south-west monsoon ceases, becoming more northerly with the 
increasing cold and the strengthening of the land-winds of the interior. 
Later they again veer towards the east ; and the sea-winds blow from 
south-east in January, and ultimately from the south-west. After Sep- 
tember the winds fall back rapidly through south-east and east to north- 
east. At places removed from the coast the wind is more westerly than 
on the coast. 

6. Oangetic Delta, — ^From its position this region is swept by the 
currents of air passing between the Ghangetic plain and the equatorial 
ocean. The general course of the winds is as follows: — The winter 
monsoon becomes well established in November, blowing nearly from the 
north on the east of the Delta, and from north-west on the west ; near 
the sea the direction is a little east of north. As the season advances 
the wind draws round towards the west, where it is about February, and 
eventually backs by south-west to south and south-east, in which direc- 
tion it blows during the rainy season and till September. In October 
the winds are chiefly easterly, but unsteady and apt to be stormy, alter- 
nating with calms in the earlier part of the month, and passing into 
north and north-west in the latter part. 

7. Assam. — The local configuration of this valley no doubt affects its 
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Avinds, forming, as it does, an open passage for the monsoons to pass to 
and from the region north of the Himalaya. The winter monsoon begins 
in October, when north and north-east winds blow with great steadiness 
till January, after which westerly winds are felt, chiefly blowing from 
the south-west, till in June they predominate and continue till Septem* 
ber, when they in turn give way to the easterly winds. On the whole 
the characteristic of Assam is the prevalence of easterly winds, which is 
here as conspicuous as that of the westerly winds over the Ghmgetic 
plain and Punjab. 

8. Arakan Coast, — The observations in this region are limited to 
places on the coast. The northerly winds begin in October, with occa- 
sional north-west wind, continue till March, or a month later than in the 
Gangetic delta, after which they work round to the southward, and at 
length to south-east by south, which is the normal mean direction of the 
wind along this coast during the south-west monsoon. This mean 
direction is varied at all times of the year by the land and sea breezes. 
The changes of the monsoons occur sensibly later on the southern parts 
of the coast than on the northern ; ako the southerly winds attain liBss 
easting, and the northerly winds less westing, in the south than in the 
north. In August a sudden drawing of the wind towards the west is 
observable on this coast (and is also discernible in Bengal and the North- 
west Provinces of India), followed by a return to the eastward, due 
apparently to the influence of the true south-west monsoon of the 
Arabian Sea, then at its height. 

Summdiry, — ^From the foregoing it will be seen that the winds of 
Northern India are very different from those of the adjacent seas. In- 
stead of two monsoons from the north-east and south-west alternately 
prevailing during about equal periods of the year, we find mther three 
distinct seasons in which special winds prevail, the directions of which 
mainly depend on the directions and relative positions of the mountain- 
ranges and plains. 

During the cold-weather months, November to January, light westerly 
and northerly winds blow from the plains of Upper India do\iii the 
valleys of the Ganges and Indus, and across the tableland of Central 
India, and join into the north-east monsoon of the Peninsula. The 
easterly winds of the valley of Assam add to this current. 

In April and May, as the hot weather comes on, the winds of Northern 
India become more westerly and powerful, and take the form of. the hot 
winds, which are not continuous but diurnal, blowing till sun-down and 
then followed by calms, and prevailing to the eastern limits of the 
Gangetic delta. At the same time southerly winds are commencing on 
the coast, and are felt from Sindh across to Bengal, but only at intervals, 
and feebly except near the sea. 

In June the south-west monsoon, being established in the equatorial 
-ocean, sets in round both coasts of the peninsula, penetrates up the 
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valleys of the Indus, the Nerbudda, and Taptee, carrying a west or 
south-west current over Central India, and from the Bay of Bengal 
pouring up the funnel-shaped opening occupied by the Gangetio delta, 
whence turning westward it passes up the Gangetic valley towards the 
Punjab, which geems to be the limit of the south-easterly winds, in 
Afghanistan the dominant winds being westerly even during the summer 
months. This is the period of the rainy season of Northern India. 

In October, as the south-west monsoon ceases, the southerly current is 
recurved towards the heated region along the Goromandel coast (on 
which the rainfall is till this season of the year comparatively small), and, 
blowing as a south-east wind, causes the autumn rains on that coast, 
which some writers have erroneously attributed to the north-east mon-< 
soon. With the gradual cessation of the southerly winds the westerly 
winds of Northern India again begin, and the cycle of the year is thus 
completed. 

Fabt II. Relation of Winds to other Elements of Climate. 

1. Temperature, — ^The seasons of Northern India present three distmct 
phases : — ^the cold season^ from the end of the rains in September to February 
or March ; the hot season^ characterized by a dry atmosphere and great 
diurnal range of temperature ; and the rainy season^ in which the tem« 
perature is moderately high and equable, and the air very humid. At 
the close of the rains (the end of September) the temperature of Northern 
India from the Punjab to the sea is nearly uniform at about 81^ or 82^. 
But evaporation and radiation to a cloudless sky soon reduce the tem- 
perature of the interior below that of the maritime regions; and in 
January the Punjab is about 11® colder than Bengal, the plains of the 
North-west Provinces being about midway in temperature between the 
two. In March the advance of temperature in Central India has brought 
out two thermal foci — one on the west in Bajpootana, and the other on 
the east in the hilly tracts of Western Bengal. In April the Central- 
Indian thermal focus is well developed. The mean temperature of 
Nagpore is 7^ above that of Bombay, 13° above the northern Punjab, 
and 6^ above the coast of the Gangetic delta. The hottest region has a 
mean temperature between 86° and 90°, the Upper-Punjab and Upper- 
Assam being from 76° to 77°. In May the thermal focus has gone 
further to the north-west, and lies in the northern part of the Bajpootana 
plateau. In June it has reached the Punjab, the temperature of which 
continues to increase, rising to 06° and more ; while that of the south of 
India begins to fall, consequent on the rains, which commence about the 
middle of the month. In July the Punjab ranges above 90°, while the 
greater part of Central India is below 86°. After July the temperature 
again f aUs, so that by the end of September it is nearly equalized all over 
Northern India. 

To sum up briefly. In the cold weather there are two foci of mini- 
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mum temperature, the one in the Punjab and the other in Assam, and, 
mth some exceptions, the isothermals nearly conform to the parallels o£ 
latitude. In the hot months a focus of heat is formed in Central India, 
round which the isotherms are bent, the temperature on the coasts and 
in the northern plains being considerably lower than that of the interior. 
Pinally, during the rainy season the seat of highest temperature is in the 
Punjab, the coolest regions then being those of the maximum rainfall, 
and consisting of two tracts extending from the coasts of Bombay and 
Bengal, along the course of the monsoon currents. 

The author then refers to the distribution of temperature in a vertical 
direction, as ascertained from observations made at the mountain-stations. 
He points out apparent anomalies in the differences of temperature due 
to difference of altitude in the mountains of North-western India and 
those bordering on Bengal, and suggests, as a probable explanation, the 
variation of hygrometrical condition of the air in the two regions, 
remarking that the continual upward diffusion and condensation of water 
vapour must tend to equalize the upper and lower temperatures, and that 
this tendency will be the greater as the approach to saturation is closer. 
The subject, however, is admitted to be one that requires further exami- 
nation, and particularly with respect to the operation of nocturnal radia- 
tion and diurnal absorption of heat — ^the remark being ako made that the 
available observations give the local temperature near the surface of the 
mountains, and do not properly represent the condition of the free 
atmosphere at corresponding elevations. 

2. VapawT'tension^ Humidity^ and BainfaU, — In the regions under 
discussion, the lowest vapour-tension occurs almost everywhere in 
January, when the temperature is lowest. The lowest mean tension for 
any month is about 0-2 inch, observed in the Southern Punjab, the corre- 
sponding minimum in Bengal being about 0*5 inch. The increase of 
tension begins early in the districts near the sea, and continues regularly 
and rapidly till the setting in of the rains ; but in the drier regions of 
the interior, where the west winds prevail throughout the spring and 
hot-weather months, the rise of tension is slow, probably not more than 
is due to the actual rise of temperature acting on the local vapour supply. 
The increase at the commencement of the rains, in June or July, when 
the southerly winds begin to be felt, is very marked and sudden ; and 
equally so ia the fall after September, when the southerly is replaced by 
the northerly current. 

As regards variation of tension due to elevation, the condusions of 
former observers are confirmed, that the ratio of decrement follows 
generally the increase of elevation, but with a marked addition to the 
relative tensions at the higher stations in the hottest and wettest months. 

Passing to the humidity of the air, it is shown that the period of greatest 
dryness falls later in the year the greater the distance from the sea, 
measuring along the course of rain-carrying wind-eurrent. On the coast 
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of Bengal the driest month is January, the period being later as we go 
inland up the Gungetic valley, till it is found in May or June in the 
Punjab and North-west Provinces. 

In the western part of the Gangetic valley and the Punjab there is a 
sacondary minimum of dryness, wluch follows a converse rule to that of 
the principal minimum ; that is, it &ll8 earlier the greater the distance 
from the sea in the sense before explained. In the Punjab this minimum 
is as early as September or October, shortly after the cessation of the 
rains, gradually advancing till November at Benares, east of which it is 
not appreciable. Intermediate between the two minimum periods is a 
secondary or winter maximum, evidently related to the winter rains of 
the Upper Provinces, and, like the corresponding winter maximum and 
rains of Europe, traceable to the descent of the equatorial (here the anti- 
monsoon) current, and the low winter temperature. 

The relative humidity of the air remains pretty constant at all eleva- 
tions on the Himalaya, as already pointed out by Br. Hooker and other 
writers, but not including Tibet, the conditions of which are very 
different. There are, however, considerable exceptions to the general 
rule ; and the local law of variation depends much on local conditions. 

The rainfall is next discussed. The author points out that there are 
three principal seasons of rain calling for notice. The summer and early 
autumn rains (that is, those of the south-west monsoon, or of the rainy 
season commonly so called) are the most important. In Bengal they 
begin on an average about the middle of June, with a fall of from 9 to 15 
inches in that month. In the Upper Provinces they are later, and in 
Bajpootana there is little rain till July. Everywhere they have their 
maximum in July. In the Upper Provinces and Bajpootana very little 
Tain falls in October, and the rains may be said to end in the last week 
of September. In Bengal and Central India the fall is still considerable 
in October ; and the rains there end about the middle of this last-named 
month. 

The spring rains prevail in the region over which the sea winds blow 
from the Bay of Bengal early in the year. In Assam and Eastern 
Bengal showers are frequent in March, and in April the fall is copious, 
amounting, in those districts to windward of the eastern mountains, to 12 
or 14 inches in the latter month. In Western Bengal the fall is less, 
and takes place with occasional thunder-storms, locaUy known as norths 
westers, which extend as far inland as Nagpoor and Benares. 

The winter rains are received most regularly and copiously in the Punjab 
and Upper Provinces, Assam, and Cachar. In Bengal and the lower 
part of the Gkmgetic valley they are less regular and lighter. They begin 
at the end of December, continuing till March in the North-west Pro- 
vinC38, and till April in the Punjab. The fall in these districts amounts 
to about 4 or 5 inches during the whole season. The author considers 
that, as they do not coincide either with the period of greatest cold or 
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greatest humidity, these rains must be due to some other cause, which he 
thinks to be the humidity of the anti-monsoon current. 

On the mountains the heaviest rainfall is on the lower and outer 
slopes. The greatest recorded falls are those at Cherra-Poonji oyer 
Eastern Bengal, averaging more than 500 inches in the year. On the 
Himalaya the records show falls of from 280 inches on the east to 70 or 80 
inches in the North-west Provinces, and 40 to 60 inches in the Punjab. 
Local circumstances of position greatly affect the quantity. 

Generally the quantity of rainfall diminishes with increase of distance 
from the coast ; but it increases on approaching a hill-range on the wind- 
ward side when the rise is steep, while to leeward a decrease takes place, 
followed eventually by another gradual increase. 

3. Atmospheric Pressure. — The available data for discussing this part of 
the subject are imperfect ; and particularly the means of reducing the 
pressures to the sea-level are not forthcoming in many cases. The fol- 
lowing remarks are made subject to this explanation. 

The mean pressure, reduced to sea-level, in the month of October is 
nearly uniform over Bengal, on both sides of the bay, in the Central 
Provinces, and the Ghmgetic valley, with a slight tendency to a higher 
pressure in the North-west Provinces and Cuttack on the one side, and 
on the Arakan coast on the other, which finds its expression in the 
slightly converging winds of that season. 

In the following months the pressure rises over the whole area, but most 
in the North-west Provinces and Western Bengal ; and in December an 
axis of maximum pressure lies on a line drawn from Cuttack to the 
North-west Provinces in a north-west and south-east direction. The 
distribution of pressure remains much the same till the end of February. 
In March a rapid fall takes place in Northern India ; but the line of 
higher pressure stiD remains, extending now from North-western India 
across to the coast of Arakan round the delta of the Ganges. This, 
doubtless, is the immediate cause of the back to back winds described in 
Part I. 

In April, with a continued rapid fall, a trough of low pressure becomes 
apparent, which extends from the head of the delta of the Ganges into 
Central India. In May this area of low pressure is somewhat displaced 
towards the north, occupying a line from Western Bengal to Nagpoor, 
along the 24th parallel of latitude. In June the conditions are generally 
similar, but with much reduced pressure in the Punjab, in the north-west 
of which province the absolute minimum is probably to be found. The 
mean difference of pressure in June between Port Blair in the Bay of 
Bengal and the upper part of the North-west Provinces is not less than 
-j^ of an inch, and between Port Blair and Calcutta -j^ of an inch, Cal- 
cutta being about as far from Port Blair as from the head of the Gangetic 
valley, 800 miles ; the baric gradient over the Bay of Bengal, therefore, is 
about double what it is over the axis of the Ganges valley, and amounts 
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to -j^ of an inch for 400 miles over the land, and -^ of an inch over the 
sea, which suffices to maintain the steady current of the south-west 
monsoon. 

In July the minimum of pressure is reached without important relative 
change. In August a rise begins, greater over Northern India, which 
continues during September and October, when the uniformity <of 
pressure is once more approximately restored. 

It is apparent that the distribution of pressure follows, within certain 
limits, that of temperature, in an inverse ratio of intensity. Thus the 
region of high pressure in the cold months, which lies across Northern 
India from Eoorkee to Cuttack, coincides approximately with the area over 
which the isothermals, then approximately parallel to the circles of latitude, 
are bent downwards, or the temperature of which is lowest relatively to 
the areas to the east and west of it. Again, during the hot half of the 
year, as the isothermal lines advance, first turning their branches south- 
wards and leaving an area of higher temperature in Central India between 
them, which eventually is inverted towards the west over the Punjab, so 
a somewhat corresponding change occurs in the lines of equal pressure, 
which at this season may be said to be distributed on lines generally 
following the meridians, but with a loop more or less deeply concave 
towards the west. 

The author then discusses at some length the manner in which these 
changes of pressure arise, and to what extent they are dependent on the 
changes in the proportion of aqueous vapour in the air, and concludes 
that the vapour indirectly greatly influences the pressure by carrying 
heat from the lower to the upper strata, and by arresting solar and ter- 
restrial radiation, thus equalizing the temperature of the air-column, but 
that its power of changing the density, by reason of the displacement of 
the heavier aijvparticles, is relatively small, and in some cases unimportant. 
In general terms the changes of temperature are the pinncipal causes of 
the variations of pressure. 

4. Certain Effects of Winds, — Inquiry is made whether any dynamic 
heating or cooling of the air can be traced by reason of winds descending 
to a lower or rising to a higher level, with the conclusion that no such 
effects are discernible, and that certain explanations given of the winds 
of India (by other writers), based on such a conception, are erroneous. 

Evidence is adduced which is held to establish that anti-monsoon cur- 
rents blow in the upper strata of the atmosphere, at the various seasons 
of the year, and at varying elevations, causing corresponding modifica- 
tions in the general temperature, the operation of aU winds being to dis- 
tribute the temperature peculiar to them. To the descent of the anti- 
monsoon current from the south, the author is disposed to attribute the 
rains of the cold weather. 

Attention is also directed to the greater velocity of the wind-currents 
near the sea, the westerly winds increasing in force as they approach 
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Bengal, and the south-easterly winds diminishing in force as they, reach 
the North-west Provinces, indicating that descending and ascending cur- 
rents must be formed in the upper strata, though of the return south- 
ward of any descending current from the north there is no direct 
evidence. 



II. ''Note on Displacement of the Solar Spectrum.'* By J. 
H. N. Hennessey^ F.R.A.S. Communicated by Professor 
G. G. Stokes^ Sec. R.S. Received December 15, 1873. 

The following experiments were made with the (new) spectroscope 
(three prisms) of the Boyal Society to ascertain for this instrument the 
amount of displacement in the solar spectrum from change of tempera- 
ture. The spectroscope was set up on a pillar within a small tent at a 
time of the year when the thermal range is considerable : the collimator 
was placed horizontal, and directed through a window in the tent to a 
heliostat, which was made to reflect the sun*s image when required. On 
closing the window darkness prevailed in the tent, so that the bright 
sodium lines were easily obtained from a spirit-lamp. Before commencing, 
the slit was adjusted and the spectroscope clamped ; and no movement of 
any kind was permitted in the instrument during the experiments. The 
displacement was measured by means of a micrometer in the eye-end of 
the telescope, reading being taken (out of curiosity) successively to both 
dark and bright lines, i. e. to K 1002-8=D^ and K 1006-8=D^. A 
verified thermometer was suspended directly over and almost touching 
the prisms. The meteorological observatory referred to was some fifty 
yards north of the tent. 

Rejecting observation 5 (in the following Table) because the thermo- 
meter was evidently in advance of the prisms, we deduce 

o 

By Dark lines, displacement equal 

Dr to Dv is produced by. . . . 81*3 change of temp^atui^. 
By Bright lines, displacement equal 

Dr to Di; is produced by 29*4 „ 

Mean 30 

from which it appears that the displacement in question may not be 
neglected in investigations made under a considerable thermal range. 
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III. ''On White Lines in the Solar Spectrum.'' By J. H. N. 
Hennessey^ F.R.A.S. Communicated by Professor Stokes, 
Sec. R.S. Received December 8, 1873. 

Extract from a Letter from Mr. Hennessey to Professor Stokes. 

" Mussoorie, Not. 12, 1873. 

" Mr DEAB SiE, — As I cannot account for what is described and drawn 
in enclosed, I hasten to place the same before you, intending to look for 
the white lin3s in question so soon as I move down to a lower altitude. 
Amongst others, no doubt Kirchhoff closely examined the region ia ques- 
tion, without notice of the lines ; and this only adds to my perplexity, un- 
less what I see here is due (1) to altitude, or (2) is instrumental. In 
the latter case I cannot account for the absence of the white lines at 
Dehra, where I examined the spectrum generally several times ; I must, 
however, add that without close examination and some experience, the 
lines might easily be passed over. But if instrumental, to what are they 
due ? I very much regret that the old spectroscope is not available at 
present [it had been temporarily sent elsewhere for a special object] to 
enable me to verify the phenomena " 

[In the drawing sent by Mr. Hennessey, the intervals between the 
dark lines are coloured green, except in the place of the two white 
lines. To transfer this distinction to a woodcut, an additional horizontal 
band has been added below, in which only those parts of the drawing 
which are left white appear as white, while in the upper part the white 
of the woodcut represents the white or green, as the case may be, of the 
original. — Q-. Gt. S.] 

Part of Solar Spectrum, drawn to KirchhojffTs scale, observed at Mussoorie, 
N. W. Provinces, India, Lat. N. 30^ 28', Long. E. 78° 4' ; Height 
6700 feet above sea {abou;t), with the Spectroscope belonging to the 
Boyal Society. 

b 
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Note for diagram, — In course of studying the solar spectrum for atmo- 
spheric lines, with an excellent S-prism (new) spectroscope belonging to 
the Eoyal Society, I gradually extended my search, begun at the red end, 
until on arrival at the region about h my attention was attracted by the 
fact that K 1657*1 by no means appeared as the strong line depicted in 
Kirchhoff's map, Plate II. On examining this region carefully, I was 
surprised to find the colourless lines shown in the diagram ; these lines, 
from want of a more appropriate name, I shall call white lines (or spaces); 
they cannot absolutely be described as bright lines, yet they closely re- 
semble threads of white floss silk held in the light. The spectroscope in 
use, with the most convenient highest-power eyepiece, presents images 
of about two thirds to seven ninths of those drawn in the diagram ; the 
former are exaggerated by reckoning to agree with KirchhofTs millimetre 
scale ; it will therefore be readily understood that the white lines do not 
present striking objects in the spectroscope, especially about the time of 
sunset, when I happened first to notice them ; they are best seen about 
noon, when their resemblance to threads of white floss silk is very dose ; 
but once seen, the lines in question can always be readily detected. So 
far as my instrumental means permit, the wider line extends between 
K 1657'1 and K 1658*3 ; more accurately speaking, it falls short of the 
latter and rather underlies the farmer ; the narrower white line is under- 
neath K 1650*3, sensibly more of the former appearing-beyond the edge 
towards violet of the latter, which presents the quaint look of a black 
line on a white surface enclosed in a green band. These are the only 
white lines in the spectrum from extreme red to P ; they are not bright 
(or reversed lines), so far as I have had opportunity to judge. Were they 
bright lines, the question would arise, why these alone should be reversed 
at 6700 feet above sea. Like the black lines the white lines grow dim 
and disappear with the slit opened wide. As seen here, K 1657*1 is sen- 
sibly weaker than K 1667*4, whereas Earchhoff assigns 5 6 to the former 
and only 3 a to the latter. 

A Photograph of the Moon, sent by the Kev. Dr. Bobinson, P.E.S., 
taken with the Great Melbourne Equatorial, was exhibited ; also a 
lithograph of the Nebula in Argo, made from eye-observations with the 
same instrument. 
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8vo. 1873. The Society. 

Cambridge [U.S.] : — American Academy of Arts and Sciences. Me- 
moirs. New Series. Vol. IX. Part 2. 4to. 1873. Proceedings, 
pp. 409-604. 8vo. 1872-73. The Academy. 

American Association for the AdYancement of Science. Proceed- 
ings. Twenty-first Meeting, held at Dubuque, Iowa, August 1872. 
8vo. 1873. The Association. 

London : — Geological Society. Quarterly Journal. Vol. XXIX. 
Part 3, 4; Vol. XXX. Part 1. 8vo. 1873-74. list of Fellows. 
8vo. 1873. The Society. 

Madison, U.S. : — Wisconsin Academy of Science, Arts, and Letters. 
Transactions, 1870-72. 8vo. 1872 (2 copies). The Academy. 

New Haven : — Connecticut Academy of Arts and Sciences. Trans- 
actions. Vol. n. Part 2. 8vo. 1873. The Academy. 

New York: — American Geographical Society. Journal. Vol. III. 8vo. 
New York 1873. The Society. 

Paris : — Soci^t^ de Biologic. Comptes Eendus des Stances et M^moires. 
4« S^rie. Tome in., IV., V. ; 6« Serie. Tome L, n., in. 8vo. 
1867-73. The Society. 

St. Louis, U.S. : — Academy of Science. Transactions. Vol. UI. No. 1. 
bvo. 1873. The Academy. 

Salem, U.S. :— Essex Institute. Bulletin. Vol. IV. 8vo. 1872-73. 

The Institute. 

Virginia : — ^Medical Society. Transactions of the Third Annual Session, 
held in Staunton, Nov. 1872. 8vo. Richmond 1873. 

The Society. 
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Eeports. 

Albany : — Annual Messages of the Governor of the State of New York, 
1871, 1872. 8vo. The Governor. 

Seventeenth Annual Beport of the Superintendent of Public In- 
struction of the State of New York. 8vo. 1871. 

The Department. 
Twelfth Annual Seport of the Superintendent of the Insurance 
Department, State of New York. 8vo. 1871. 

The Department. 
University of the State of New York. Annual Eeports of the 
Eegents, 84, 85. 8vo. 1871-72. Annual Eeports of the Trustees 
of the New-York State Library, 54, 55. 8vo. 1872-73. Subject- 
Index to the Catalogue of the New-York State Library. 8vo. 1872. 
' Eesults of a Series of Meteorological Observations made at sundry 
Stations in the State of New York. Second Series. By F. B. 
Hough. 4to. 1872. The Eegents of the University. 

Eeport of a Topographical Survey otthe Adirondack Wilderness of 
New York, by V. Ck)lvin. 8vo. 1873. The Author. 

Baltimore : — Peabody Institute. Sixth Annual Eeport of the Provost 
to the Trustees. 8vo. 1873. The Institute. 

Boston, U.S. : — Board of Education. Thirty-sixth Annual Eeport. 
8vo. 1873. The BoartJ. 

Board of State Charities of Massachusetts. Ninth Annual Eeport. 
8vo. 1873. The Board. 

Massachusetts Board of Agriculture. Nineteenth and Twentieth 
Annual Eeports of the Secretary, 1871, 1872. 8vo. 1872-73. 

The Board. 
Cambridge, U.S. :— Harvard College. Catalogue, 1872-73. 8vo. 1873. 
Forty-seventh Annual Eeport of the President, 1871-72. 8vo. 
and other Papers. The College. 

London : — Meteorological Office. Daily Weather Eeport, Jan. to 
June 1873. folio. Quarterly Weather Eeport. 1872, Part 4 ; 
1873, Part 1. 4t6. Notes on the Form of Cyclones in the 
Southern Indian Ocean, by C. Meldrum. 8vo. 1873. 

The Office. 
New York : — Cooper Union. Annual Eeport of the Curator. 8vo. 
1873. Fourteenth Annual Eeport of the Trustees. 8vo. 1873. 

The Institution. 

Washington : — Bureau of Navigation. American Ephemeris and 

Nautical Almanac for the year 1876. 8vo. 1873. The Bureau. 

Catalogue of Books added to the Library of Congress during the 

year 1871. roy. 8vo. 1872. The Smithsonian Institution. 
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Febrtmry 19, 1874. 

Transactions. 

Birmingham: — Institution of Mechanical Engineers. Proceedings, 

1873. 1 May, 29, 30 July. Part 1. 8vo. The Institution. 

Breslau : — Schlesische Q-esellschaft fUr Vaterlandische Cultur. Ab- 

handlungen. Abtheilung f iir Naturwissenschaften und Medidn, 

1872-73. Fiinfzigster Jahresbericht. roy. 8vo. 1873. 

The Society. 
Brussels : — Acad^mie Eoyale de Belgique. Bulletin. 42* ann^. No. 
6-10, 12. 8vo. Bruxelles 1873. The Academy. 

Academic Eoyale de Medecine. M^moires CouronnAs et autres 
Memoires. Tome 11. fasc. 1. 8vo. 1873. Bulletin. 3« Serie. 
Tome Vn. No. 5-12. 8vo. 1873. The Academy. 

Dublin : — ^Eoyal Geological Society of Ireland. Journal. Vol. XIII. 
Part 3. 8vo. 1873. The Society. 

London: — British Pharmaceutical Conference. Tear-Book of Phar- 
macy, with the Transactions at the Tenth Annual Meeting, he'd 
at Bradford, Sept. 1873. 8vo. London 1873. The Conference. 
Odontological Society. Transactions. New Series. Vol. V. No. 8. 
8to. London 1873. The Society. 

Boyal Astronomical Society. Monthly Notices. Vol. XXXTTI. 
No. 8, 9 ; Vol. XXXIV. No. 1-3. 8vo. 187^-74. The Society. 
Boyal United-Service Institution. Journal. Vol. XVII. No. 72, 
73. 8vo. 1873. The Institution. 

Bome : — ^Accademia Pontificia de* Nuovi Lincei. Atti. Tomo III. 
Anno 3 (1849-60). 4to. Boma 1873. The Academy. 

Vienna : — Osterreichische Q^sellschaft f iir Meteorologie. Zeitschrift, 
redigirt von C. Jelinek und J. Hann. Band VIII. Nr, 12-24 ; 
Band IX. Nr. 1, 3. roy. 8vo. Wien 187^-74. The Society. 



Mensbrugghe (G. van der) Sur la tension superfidelle des Liquides. 

Second Memoire. 4to. BruxdUs 1873. The Author. 

Napes (Capt. G. S.) H.M.S. * Challenger.' Beports, with Abstracts of 

Soundings and Diagrams of Ocean Temperature in North and Soutli 

Atlantic Oceans, folio. London 1873. The Admiralty. 

Nystrom (J. W.) Prindples of Dynamics. 8vo. Philadelphia 1874. 

The Author. 
Stainton (H. T.), F.B.S. The Entomologist's Annual for 1874. 8vo. 

Lond(m 1874. The Editor. 

Taylor (A. S.), F.B.S. A Manual of Medical Jurisprudence. Ninth 

Edition. 8vo. London 1874. The Author. 
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February 26, 1874. 

Transactions. 

Amsterdam : — Koninklijke Akademie yan Wetenschappen. Yeriiande- 
lingen. Deel XIII. 4to. 1873. Verslagen en Mededeelingen. 
Af deeling Natuurkiinde. Tweede Eeeks. Deel VII. 8vo. 1873. 
Afd. Letterkunde. Tweede Beeks. Deel III. 8yo. 1873. Jaar- 
boek voor 1872. 8vo. Processen-Verbaal, 1872-73. 8vo. Gtaudia 
Domestica. 8yo. 1873. The Academy. 

Leipsic : — Konigl. Siichsische Gesellschaft der Wissenschaffcen. Ab- 
handlungen. Math.-phjs. Classe. Band X. No. 6; Phil.-hist. 
Classe. Band VI. No. 6 ; Band VII. No. 1. roy. 8vo. Leipzig 
1873. Berichte iiber die Verhandlungen. Math.-phy8. Classe, 

1872. 3,4, Eitraheft, 1873, 1,2; Phil.-hist. Classe, 1872. 8yo. 

1873. The Society. 
Munich: — Konigl. Bayerische Akademie der Wissenschaften. Ab- 

handlungen. Math.-phys. Classe. Band XI. Abth. 2 ; Hist. Classe. 
Band XU. Abth. 1 ; Fhilos.-philol. Classe. Band XIII. Abth. 1. 
4to. Mun4:hen 1873. The Academy. 

Washington : — Smithsonian Institution. Miscellaneous Collections. 
Vol. X. 8yo. 1873. Annual Beport of the Board of Begents for 
the year 1871. 8yo. 1873. The Institution. 



Beports &c. 

Paris : — D^pot de la Marine. Annales Hydrographiques, 1873. 
Trimestre 1, 2. 8vo. Catalogue des Cartes Ac. 8vo. 1873. 
Annuaire des Mar^s des Cotes de France pour Fan 1874. 12mo. 

1873. Annuaire de Marees de la Basse Cochinchine pour Fan 

1874. 12mo. 1873. Des Vents obsery^s dans TAtlantique Nord. 
8yo. 1873. Fifty-six Maps and Flans. The D^pdt de la Marine. 

Washington : — ^United States Geological Suryey of the Territories- 
First, Second, and Third Annual Beports, for 1867, 1868, and 
1869. 8yo. 1873. Sixth* Annual Beport. 8vo. 1873. Beport. 
Vol. I. Part 1. Contributions to the Extinct Vertebrate Fauna of 
the Western Territories, by J. Leidy. Vol. V. Part 1. Acrididss 
of North America, by C. Thomas. 4to. 1873. Miscellaneous 
Publications, No. 1, 2. 8yo. 1873. The Suryey. 

Annual Beport of the Chief Signal-Officer to the Secretary of War 
for the year 1872. 8yo. 1873. The Department. 
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Cunningham (D. D.) Microscopic Examinations of Air. folio. Calcutta 

1873. The GoYemment of India. 

Day (F.) Eeport on the Freshwater Fish and Fisheries of India and 

Burma. 8yo. Calcutta 1873. The Government of India. 

Jevons (W. Stanley), F.E.S. The Principles of Science : a Treatise on 

Logic and Scientific Method. 2 vols. 8vo. London 1874. 

The Author. 
Eiitimeyer (L.) XJeber den Bau von Schale und Schadel bei lebenden 

und fossilen Schildkroten. 8vo. Basel 1873. The Author. 
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February 26, 1874. 
Transactions. 

Amsterdam : — Koninklijke Akademie van Wetenschappen. Yerhande- 
Hngen. Deel XTTT. 4to. 1873. Verslagen en Mededeelingen. 
Afdeeling Natuurkunde. Tweede Eeeks. Deel VII. 8vo. 1873. 
Aid. Letterkunde. Tweede Beeks. Deel III. 8yo. 1873. Jaar- 
boek voor 1872. 8vo. Processen-Verbaal, 1872-73. 8vo. Ghiudia 
Domestica. 8vo. 1873. The Academy. 

Leipsic : — Konigl. Sachsische G^sellschaft der Wissenschaften. Ab- 
handlungen. Math.-phjs. Classe. Band X. No. 6 ; Fhil.-hist. 
Classe. Band VI. No. 5; Band VII. No. 1. roy. 8vo. Leipzig 
1873. Berichte iiber die Verhandlungen. Math.-phys. Classe, 

1872. 3,4, Extraheft, 1873, 1,2; Phil.-hist. Classe, 1872. 8vo. 

1873. * The Society. 
Munich: — Konigl. Bayerische Akademie der Wissenschaften. Ab- 

handlungen. Math.-phys. Classe. Band XI. Abth. 2 ; Hist. Classe. 
Band XII. Abth. 1 ; Philos.-philol. Classe. Band XIII. Abth. 1. 
4to. Munchm 1873. The Academy. 

Washington: — Smithsonian Institution. Miscellaneous Collections. 
Vol. X. 8yo. 1873. Annual Beport of the Board of Begents for 
the year 1871. 8vo. 1873. The Institution. 



Beportfi Ac. 

Paris : — D^pdt de la Marine. Annales Hydrographiques, 1873. 
Trimestre 1, 2. 8yo. Catalogue des Cartes &c. 8vo. 1873. 
Annuaire des Mar^s des Cotes de France pour Fan 1874. 12mo. 

1873. Annuaire de Mar^s de la Basse Cochinchine pour Fan 

1874. 12mo. 1873. Des Vents observes dans TAtlantique Nord. 
8yo. 1873. Eifty-six Maps and Flans. The D^pdt de la Marine. 

Washington: — ^United States Geological Survey of the Territories. 
First, Second, and Third Annual Eeports, for 1867, 1868, and 
1869. 8vo. 1873. Sixth Annual Beport. 8vo. 1873. Beport. 
Vol. I. Part 1. Contributions to the Extinct Vertebrate Fauna of 
the Western Territories, by J: Leidy. Vol. V. Part 1. Acrididso 
of North America, by C. Thomas. 4to. 1873. Miscellaneous 
Publications, No. 1, 2. 8vo. 1873. The Survey. 

Annual Beport of the Chief Signal-Officer to the Secretary of War 
for the year 1872. 8vo. 1873. The Department. 



Cunningham (D. D.) Microscopic Examinations of Air. folio. CalcfuUa 
1873. The Government of India. 

Day (F.) Beport on the Freshwater Fish and Fisheries of India and 
Burma. 8vo. Calcutta 1873. The Government of India. 
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List of Candidates. 
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Jevons (W. Stanley), F.E.S. The Principles of Science : a Treatise on 
Logic and Scientific Method. 2 vols. Svo. London 1874. 

The Author. 

EUtimejer (L.) XJeber den Bau von Schale und Schadel bei lebenden 
und fossilen Schildkroten. Svo. Basel 1873. The Author. 



March 5, 1874. 
JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

In pursuance of the'Statutes, the names of the Candidates for election 
into the Society were read as follows : — 



Bev. Alfred Barry, D.D., D.C.L. 
Edward Middleton Barry, B.A. 
Isaac Lowthian Bell, F.C.S. 
Oeorge Bishop, F.E.A.S. 
W. T. Blanford, F.G.S. 
Henry Bowman Brady, F.L.S. 
Thomas Lauder Brunton, M.D. 
George Buchanan, M.A., M.D. 
Walter Lawry Buller, ScD. 
W. Chimmo, Capt. R.N. 
Prof. W. Kingdom Clifford. 
Cuthbert Collingwood, M.A., F.L.S. 
Herbert Davies, M.D. 
August Dupr^, Ph.D., F.C.S. 
Thomas Fairbaim. 
Joseph Fayrer, M.D. 
Prof. David Ferrier, M.D. 
Peter Le Neve Foster, M.A. 
Augustus WoUaston Franks, M.A. 
Prof. Thomas Minchin Goodeve, 

M.A. 
Lewis Dunbar Brodie Gordon, 

F.G.S. 
Robert Baldwin Hayward, M.A. 
Prof. Glaus HenricT, Ph.D. 
Prescott G. Hewett, F.R.C.S.E. 
John Eliot Howard, F.L.S. 
Prof. Thomas M*Kenny Hughes, 

M.A. 
Edmund C. Johnson. 
Robert M'LacUan, F.L.S. 



Sir Henry Sumner Maine, C.S.I., 

LL.D. 
Richard Henry Major. 
William Mayes, Staff-Commander 

R.N. 
Charles Meldrum, M.A. 
Edmund James Mills, D.Sc. 
Richard Norris, M.D. 
Oliver Pemberton, M.R.C.S. 
Rev. Stephen Joseph Perry. 
John Arthur Phillips, F.C.S. 
William Overend Priestley, M.D. 
William Chandler Roberts, F.C.S. 
Henry Wyldbore Rumsey, M.D. 
Henry Toung Darracott Scott, 

Major-General R.E., C.B. 
Alfred R. C. Selwyn (Geol. Survey, 

Canada). 
Samuel "Sharp, F.G.S. 
Robert Swinhoe. 
Sir Henry Thompson, F.R.C.S. 
Thomas Edward Thorpe, Ph.D. 
Charles Todd (Obs., Adelaide). 
Edwin T. Truman, M.R.C.S. 
Francis Henry Wenham, F.R.M.S. 
Wildman Orange Whitehouse, C.E. 
Charles William Wilson, Major 

R.E. 
Archibald Henry Plantagenet 

Stuart Wortley, Lieut.-Col. 
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The Presents received were laid on the table, and thanks ordered for 
them. 

The following Paper was read : — 

'' The Localization of Function in the Brain.'' By David 
Ferrier, M.A., M.D., M.R.C.P., Professor of Forensic 
Medicine, King's College, London. Communicated by J. 
BuRDON Sanderson, M.D., F.R.S., Professor of Practical 
Physiology in University College. Received February 20, 
1874. 

(Abstract.) 

The chief contents of this paper are the results of an experimental 
investigation tending to prove that there is a localization of function in 
special regions of the cerebral hemispheres. 

In a former paper published by the author in the 'West Riding 
Lunatic Asylum Medical Reports/ vol. iii. 1873, the results were given 
of experiments on rabbits, cats, and dogs, made specially for the purpose 
of testing the theory of Hughlings Jackson, that localized and unilateral 
epilepsies are caused by irritation or " discharging lesions " of the grey 
matter of the hemispheres in the region of the corpus striatum. Besides 
confirming Hughlings Jackson's views, the author's researches indicated 
an exact localization in the hemispheres of centres, or regions, for the 
carrying out of simple and complex muscular movements of a definite 
character, and described by him as of a purposive, or expressional, nature. 

Facts were also recorded tending to show that other regions of the 
brain were connected with sensory perception, but no localization was 
definitely arrived at. 

Among the experiments now related are some in further confirtnation 
and extension of those already made on cats, dogs, and rabbits, as well 
as a new series of experiments on other vertebrates. In particular, 
numerous experiments on monkeys are described, for the purpose of 
which the author received a grant of money from the Council of the 
Royal Society. In addition, the results of experiments on jackals, 
guineapigs, rats, pigeons, frogs, toads, and fishes are narrated. 

The method of investigation consists in the application of the stimulus 
of an induced current of electricity directly to the surface of the brain 
in animals rendered only partially insensible during the process of explo- 
ration, complete anesthesia annihilating all reaction. It is supplemented 
by the method of localized destructive lesions of the hemispheres. 

Special attention is called to the precision with which a given result 
follows stimulation of a definite area — so much so, that when once the 
brain has been accurately mapped out, the experimenter can predict with 
certainty the result of stimulation of a given region or centre. The 
theory that the phenomena are due not to excitation of cortical centres, 
but to conduction of the electric currents to basal ganglia and motor 
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tracts, is considered to be disposed of by the fact of the precision and pre- 
dictable characters of the results, and by the marked differences in the 
phenomena which are observed when regions in close local relation to 
each other are excited. Other facts are pointed out bearing in the same 
direction ; among others, the harmony and homology subsisting between 
the results of experiment in all the different animals. 

The experiments on monkeys are first described. 

Bef erence is continually made in the description to figures of the brain, 
on which are delineated the position and extent of the regions, stimula- 
tion of which is followed by constant and definite results. A complete 
statement of these results in the present abstract is impossible. 

Generally, it may be stated that the centres for the movements of the 
limbs are situated in the convolutions bounding the fissure of ^Rolando, 
viz. the ascending parietal convolution with its postero-parietal termina- 
tion as far back as the parieto-occipital fissure, the ascending frontal, and 
posterior termination of the superior frontal convolution. Centres for 
individual movements of the limbs, hands, and feet are differentiated in 
these convolutions. 

Purther, in the ascending frontal convolution, on a level with the pos- 
terior termination of the middle frontal, are centres for certain facial 
muscles, e. g, the zygomatics &c. At the posterior termination of the 
inferior frontal convolution and corresponding part of the ascending 
frontal are the centres for various movements of the mouth and tongue. 
This is the homologue of '* Broca's convolution." At the inferior angle 
of the intraparietal sulcus is the centre for the platysma. 

In the superior frontal convolution, in advance of the centre for cer- 
tain forward movements of the arm, as well as in the corresponding part of 
the middle frontal convolution, are areas, stimulation of which causes lateral 
(crossed) movements of the head and eyes and dilatation of the pupils. 

The anterd-frontal region, with the inferior frontal and orbital convo- 
lutions, give no definite results on irritation. Extirpation of these parts 
causes a condition resembling dementia. 

No results could be ascertained as regards the function of the central 
lobe or island of Eeil. 

Irritation of the angular gyrus (pit courhe) causes certain movements 
of the eyeballs and pupils. Destruction of this convolution gives data 
for regarding if as the cerebral expansion of the optic nerve, and, as such, 
the seat of visual perception. 

The phenomena resulting from irritation of the superior temporo- 
sphenoidal convolution (pricking of the ear, &c.) are indications of exci- 
tation of ideas of sound. It is regarded as the cerebral termination of 
the auditory nerve. The sense of smeU is localized in the uncinate con- 
volution. The situation of the regions connected with sensations of 
taste and touch is not accurately defined, but some facts are given indi- 
catiiig their probable locality. 
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The occipital lobes do not react on stimulation. Destruction of these 
lobes caused no loss of sensation or voluntary motion, but an apparent 
abolition of the instincts of self-preservation. 

The corpora striata are shown to be motor in function, and the optic 
thalami sensory. 

Stimulation of the corpora quadrigemina causes dilatation of the 
pupils, opisthotonic contractions, and the utterance of peculiar cries 
when the testes alone are irritated. The nature and signification of these 
phenomena are regarded as still obscure, and requiring further investi- 
gation. 

Some experiments have been made on the cerebellum of monkeys. 
They confirm the author's previous views as to the relation of this organ 
to coordination of the optic axes, and the maintenance of bodily equili- 
brium. The experiments are not detailed, as they will form the subject 
of a future paper. 

New experiments on dogs essentially confirm those already published, 
while many new facts have been elicited. Those on jackals agree in the 
main with the experiments on dogs, both as to the chs^nycter of the results 
and the localization of the centres. New experiments on cats generally 
confirm, as well as further define, the results described by the author in 
his former paper. The i^ts of experiment on rabbits, guineapigs, and 
rats are essentiaUy alike, and also confirm former statements. 

In all those animals the sensory regions are defined and their position 
compared with those in the brain of the monkey. 

The only result obtained by stimulation of the cerebral hemispheres 
in pigeons was contraction of the pupil. The region associated with this 
action, situated in the postero-parietal aspect, is compared with a similar 
region in the mammalian brain, and regarded as the seat of visual per- 
ception. 

Movements of the limbs in frogs, and of the tail and fins in fishes (as 
in swimming), can be excited from the cerebral hemispheres in these 
animab. Exact localization of motor and sensory centres is not possible. 

The optic lobes in birds, frogs, and fishes seem related to movements 
of flight and progression, in addition to their relation with the eyes. . 
Similar phenomena result from irritation of the cerebellum ; but the 
signification of these is reserved for future inquiry. 

Erom the data of physiological experiment a foundation is obtained 
for constructing an anatomical homology of the convolutions. 

Among other points in homology the fissure of Bolando is shown to 
be the homologue of the crucial sulcus in the brain of the Camivora. 

The whole brain- is regarded as divided into sensory and motor regions, 
corresponding to the anatomical relation of these regions to the optic tha- 
lami and corpora striata and the sensory and motor tracts. 

The motor regions are regarded as essential for the execution of 
voluntary movements, and as the seat of a corresponding motor memory 
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motor ideas), the sensory regions being looked upon as the organic seat 
of ideas derived from sensory impressions. An explanation is attempted 
of the phenomena of aphasia, and the relation of the memory of words 
to the ideas they represent. 

The theory liiat a certain action, excited by stimulation of a certain 
centre, is the result of a mental conception is considered and disputed. 
Prom the complexity of mental phenomena, and the participation in them 
of both motor and sensory substrata, any system of localization of mental 
faculties which does not take both factors into account must be radi- 
cally false. A scientific phrenology is regarded as possible. 

The paper concludes with a short consideration of the relation of the 
basal ganglia to the hemispheres. The view is adopted that they can- 
Btitute a subvoluntary or automatic sensori-motor mechanism. 



March 12, 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — ' 

I. " Contributions to the Developmental History of the MoIIusca. 

Sections I., II., III., IV.'' By E. Ray Lankester, M.A., 

Fellow of Exeter College, Oxford. Communicated by G. 

RoLLESTON, M.D., F.R.S., Linacre Professor of Anatomy and 

Physiology in the University of Oxford. Received January 19, 

1874. 

(Abstract.) 

Section I. T?u ovarian Egg and early development of Loligo. 
The points of greatest interest to which the author draws attention in 
the present memoir are : — 

1. The explanation of the basketwork structure of the surface of the 
ovarian egg by the plication of the inner egg-capsule. 

2. The increase of the yelk by the inception of cells proliferated from 
the inner egg-capsule. 

3. The homogeneous condition of the egg at fertilisation. 

4. The limitation of yelk-cleavage to the cleavage-patch. 

5. The occurrence of independently formed corpuscles (the autoplasts) 
which take part in the formation of the blastoderm. 

6. The primitive eye-chamber, formed by the rising up of an oval wall 
and its growing together so as to form a roof to the chamber. 

7. The origin of the otocysts by invagination. 

8. The rhythmic contractility of a part of the wall of the yelk-sac. 
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9. The disappearance of the primitiye mouth, and the development of a 
secondary mouth. 

10. The development of a pair of large nerve-ganglia by invagination 
of the epiblast immediately below the primitive eye-chambers. 

Oeneral Considerations relative to the Observations contained in Sections 11., 
m., IV. (containing the developmental histories of Fbidium, Aplysia, 
Tergipes, Polycera, a^id Neritina). 
In these observations the author points out briefly their bearing on two 
matters of theoretical importance, viz. (1) the origin and significance of 
what has been called the GastnUar-^hAse of development, and (2) the ho- 
mologies or homogenies (as the author prefers to say) of the shells, liga- 
ments, and internal pens of the MoUusca. More facts have to be sought 
out and brought to bear on these questions ; but the author, while occu- 
pied in that further search, indicates the anticipations which must guide 
and stimulate it. Before doing so he mentions that there are a variety 
of other matters of interest in the facts recorded in the paper which can- 
not yet be brought into any theoretical structure, but which are not on 
that account kept back, as they will probably be of some service in their 
isolated condition. 

Kowalevsky was the first to describe, in a precise manner, the forma- 
tion of the foundations of the alimentary tract in a developing embryo, 
by invagination of the wall of a simple primitive blastosphere, or hollow 
ball of embryonic cleavage-corpuscles. He detected this mode of deve- 
lopment in Amphioxus, and subsequently m Ascidia. By later researches 
he was able to indicate the same mode of development in certain Vermes 
(Sagitta, Euaxes, Lamhricus) ; and he mentioned incidentally that he had 
observed a similar development in the Heteropodous mollusk Atalanta, 
At that time the author was studying the development of Pisidium and 
LimaXy and obtained evidence of the invagination of the primitive blasto- 
sphere in those two widely separated mollusks. Subsequently at Naples 
he found the same process occurring in Nudibranchs. The probable 
identity of this process of invagination with that so well known in the 
Batrachians, especially through Strieker's admirable work on the subject, 
became clear, to those occupied with embryological studies, from the facts 
established by Kowalevsky ; and the " anus of Busconi " could now be re- 
cognized in the " orifice of invagination " present in members of the three 
large groups of Vermes, Mollusca, and Vertebrata. 

The embryonic form produced by this invagination-process is a simple 
sac composed of an ectoderm and endoderm, with an orifice connecting 
the exterior with the cavity lined by the endoderm. It, in short, pre- 
sents the tjrpical structure of the simplest Ccelenterata, and corresponds 
exactly with the so-called Plantda of the poljrps and corals. Hence we 
are tempted to see in this primitive invagination-f orm the representative 
of the Coelenterate phase of development of the whole animal kingdom. 
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In a paper published in May 1873*, containing the substance of lectures 
deliver^ in the preceding October, the author discussed this notion at 
some length, and other pcnnts connected with the attempt to work out 
the correspondences of the embryonal cell-layers of the various groups of 
the animal kingdom. At the end of the year 1872, Professor Hackel's 
splendid Monograph of the Calcareous Sponges appeared, in which the 
same questions are methodically discussed. The name Qastnda is given 
by Professor Hackel to the embryonic form which the author proposed 
to designate by the old name Planula ; and the multicellular blastosphere, 
from which the Oastrula is developed, which the author had proposed to 
speak of as a Polyplast, he well christens the Morula. Professor Hackel 
was able to show in his monograph that the Calcareous Sponges exhibit a 
beautifully definite O^oftruZo-larva, which swims freely by means of ciUa. 
Lieberkiihn, Mikluchoi-Maclay, and Oscar Schmidt had previously shown 
that certain sponges exhibit such an embryonic form; but Professor 
Hackel described it in many cases, and showed fully its mode of deve- 
lopment and structure. 

This brings us to an important point in what Hackel calls the '^G^as- 
twea theory "t. The QastnUa form of the Calcareous Sponges is not formed 
by invagination, but without any opening in the blastosphere making its 
appearance ; the cells constituting it« walls divide into an endoderm and 
an ectoderm ; then, and not until then, an orifice is formed from the 
central cavity to the exterior by a breaking through at one pole. Careful 
accounts of the development of Ccelenterata, with a view to determine the 
mode of development of the Planula or GastrtUa form in regard to the 
question of invagination, are not to hand in a large number of cases. 
But, on the one hand, we have Kowalevsky's account of the development 
of Pdagia and Actinia^ in which the formation of a Qastnda by invagina- 
tion is described, as in the cases already cited among Vermes, Mollusca, 
and Yertebrata ; on the other hand, we have Allman's observations on 
the Hydroids, Schultze's on Cordylophora^ Kleinenberg^s on Hydra^ 
HackeFs on the Siphonophora, and Hermann Foil's on the G^ryonid», 
in which the ectoderm and endoderm of the embryo (which is at first a 
Planula without mouth, then a Qastnda with a mouth) are stated to 
arise from the splitting or ^' delamination '' of a single original series of 
cells forming the wall of the blastosphere. Hermann Foil's observations 
are of especial value, since he shows most carefully how, from the earliest 
period, even when the egg is unicellular, its central part has the character 
of the endodermal cells, its peripheral part that of the ectodermal cells. 

The question now arises, can the QastruUz which arise by invagina- 
tion be regarded as equivalent to those which arise by internal segrega- 
tion of an endoderm from an ectoderm ? and if so, which b the typical 

* Annals and Mag. Nat Hist. 1873, xi. p. 321. 

t His most recent views on this matter are contained in a pamphlet dated June 7, 
1873, ' Die Gastraea-Tbeorie.* 
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or ancestral mode of development, and what relation has the orifice of 
invagination in the one case to the mouth which, later, breaks its way 
through in the other ? 

It is not within the scope of the present memoir to discuss these ques- 
tions at length ; but the author is of opinion that we must regard the 
GastnUonSsyc with its endoderm and ectoderm as strictly equivalent (ho- 
mogenous, to use another expression) in the two sets of cases. One of 
the two methods is the tjrpical or ancestral method of development, and 
the departure from it in the other cases is due to some disturbing condi- 
tion. He believes that we shall be able to make out that disturbing 
element in the condition of the egg itself as laid, in the presence in that 
egg of a greater or less amount of the adventitious nutritive material 
which Edouard van Beneden calls " deutoplasm." This and certain re- 
lations of bulk in the early developed organs of the various embryos con- 
sidered, determine the development either by invagination or by delami- 
nation. The relation of bulk to the process of invagination may be illus- 
trated from a fact established in the preceding communications. In 
Loligo the large otocysts develop, each, by a well-marked invagination of 
the epiblast, forming a deep pit which becomes the cavity of the cyst. In 
Aplysia the smaller otocysts develop, each, by a simple vacuolation of 
the epiblast without invagination. In loligo the chief nerve-ganglia de- 
velop by invagination of the epiblast, in Aplysia by simple thickening. 
Again, in Yertebrata the nerve-cord develops by a long invagination of 
the epiblast ; in Tubifex and Lwmhricus the corresponding nerve-cord de- 
velops by a thickenijig of the epiblast without any groove and canal of 
invagination. 

The bulkier structures in these cases are seen to develop by invagi- 
nation, the smaller by direct segregation. Invagination therefore acts as 
an economy of material, a hollow mass being produced instead of a solid 
mass of the same extent. 

That the presence of a quantity of deutoplasmic matter, or of a par- 
tially assimilated mass of such matter, in the original egg is not accom- 
panied by well-marked invagination of the blastosphere, while the absence 
of much deutoplasm is the invariable characteristic of eggs which de- 
velop a Oastrula by invagination, is shown by a comparison of Aplysia 
and Loligo with Pisidium and Limax, and of the Bird with the Batra- 
chian. In some cases, such as Selenka has ' characterized by the term 
" epiboly," it seems that the enclosure of the large yelk-mass by the over- 
growth of cleavage-cells may be held as equivsdent to the invagination 
of the large yelk-cells by "emboly;" and the intermediate character 
which the development of Eucuces and Lumbricus present in this respect, 
as described by Kowalevsky, tends very strongly to establish a transition. 

But the mode of development of the Oastrula of GeryonidsB, described 
with so much minuteness by Foil, which is obviously the same as that of 
the Oastrulas of SpongiadsB and most Hydroids, is dearly no masked case 
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of invagination. There is no question of " epiboly " here, but a direct 
and simple splitting of one cell into two ; so that what was a sac formed 
by a layer of cells one deep, becomes a sac formed by a layer of cells 
two deep, or of two layers each one deep. 

It is yet a question for much further inquiry as to how this mode 
of forming a double-walled Oastrula can be derived from, or harmonized 
with, the formation of OastndoB by the embolic or epibolic forms of inva- 
gination. 

It would certainly seem at present that the orifice of invagination of 
the invaginate Oastrula must not be regarded as the equivalent of the 
later erupting moiUh of the segregate Gastrula*, which is the true per- 
manent mouth of the Sponge or Ckslenterate. In no case is the orifice 
of invagination of the invaginate Gastrula known to persist under any 
form; it appears solely to effect the invagination, and when that is 
effected vanishes. 

Enough has been said to show the importance of observations relating 
to the G^fmZo-phase of development. In the paper well-marked inva- 
ginate OastruUx are described from : — 

1. Pisidivm (Lamellibranch). 

2. Tergipes (Nudibranch). 

3. Poh/cera (Nudibranch). 

4. Limax (Pulmonate). 
6. Lim/noeus (Pulmonate). 

In addition to these cases of the development of invaginate Oastrula! 
among Mollusca, the examination of the very beautiful figures in the 
papers of Lov^n on moUuscan development leaves no doubt that he 
has observed invaginate Oastndas in the following cases, but has not 
understood their structure : — 

6. Cardium (Lamellibranch). 

7. Crenella (Lamellibranch). 

Similarly, Karl Vogt's observations on Actceon indicate the same state 
of things as the author has pointed out in Polycera ; and hence we may 
add:— 

8. Actason (Nudibranch), 

and, finally, from Kowalevsk/s statement, though not accompanied by 
figure or description, 

9. Atalanta (Heteropod). 

The second matter of theoretical interest (namely, the early features 
in the development of the shell) has not been previously discussed, since 
the structures described in the paper as shell-patch, shell-groove, and 
shell-plug were unknown. 

If, as seems justifiable, the Cephalopoda are to be regarded as more 

* In his paper in the 'Annals' for Maj 1873 the author has inclined to the view 
that it may he so regarded. 



Digiti 



ized by Google 



1874.] Developmental History of the Mollusca. 237 

nearly representmg the moUuscan type than do the other classes, or, in 
other words, more closely resemble the ancestral forms than they do, we 
might look, in the course of the development of the less typical Mollusca, 
for some indication of a representative of the internal pen of the higher 
Cephalopoda. We might expect to find some indication of the connexion 
between this and the calcareous shell of other forms ; in fact the original 
shell of all Mollusca should be an internal one, or bear indications of a 
possible development into that condition. 

In Fisidium, in Aplysia, and in Neritina the author has submitted evi- 
dence of the existence of a specially differentiated patch of epidermic 
cells at the aboral pole, which develops a deep furrow, groove, or pit in 
its centre almost amounting to a sac-like cavity opening to the exterior. 
The first (chitinous) rudiment of the shell appears as a disk on the sur- 
face of this gland ; but also, in some cases, the cavity or groove is filled by 
a chitinous plug. 

Let the walls of the sac close and the activity of its lining cells con- 
tinue, and we have the necessary conditions for the growth of such 
a " pen " as that of the Decapodous Cephalopods. 

At present the details of the development of the *' pen ^ in the Cepha- 
lopoda are not fuUy known ; but the author has evidence that it is formed 
in an enclosed sac-like diverticulum of the epidermis, but he has not yet 
ascertained the earliest condition of this sac. The history of its develop- 
ment becomes surrounded with additional interest in relation to the sheU- 
gland of the other Mollusca. 

The position of the groove of the shell-gland in Pisidium suggests a 
possible connexion of it« chitinous plug with the ligament, which it will 
be worth inquiring into in other developmental histories of Lamellibranchs. 

The internal shells of other Mollusca besides the cuttlefish are cer- 
tainly not in some cases (e. g. Aph/sia) primitively internal, but become 
enclosed by overspreading folds of the mantle. But in the case of Limax 
and its allies, it is possible, though the matter requires renewed investiga- 
tion, that the shell is a primitively internal one representing the shell- 
plug. 

There is yet one more possible connexion of this sheU-gland and plug : 
this is the chitinous secretion by which Terebratula and its allies fix 
themselves to rocks &c. The position of the peduncle exactly corre- 
sponds to that of the shell-gland; and an examination of Professor 
Morse's recently published account of the development of Terebrattdina 
leaves little doubt that at the pole of attachment, which very early deve- 
lops its function and fixes the embryo, an in-pushing occurs, and a kind 
of shallow gland is formed which gives rise to the homy cement. The 
author's own observations on the development of Terehrattda vitrea do 
not extend to so early a period as this. 

It is perhaps scarcely necessary, in conclusion, to point out the close 
resemblance of shell-gland and plug to the byssal gland and its secretion. 
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They are closely similar structures; but there does not appear to be 
any reason for considering them *' serial homologues," or more closely 
related than are, say, the hairs on the head of a man with the hairs on 
his chest. 



II. " On a New Deep-sea Thermometer.'' By Henry Negretti 
and Joseph Warren Zambra. • Communicated by Dr. Car- 
penter, F.R.S. Received March 5, 1874. 

The Fellows of the Eoyal Society are perfectly aware of the assistance 
afforded by Her Majesty's Government (at the request of the Eoyal 
Society) for the purpose of deep-sea investigations, and have been made 
acquainted with their results by the Reports of those investigations 
published in the 'Proceedings of the Royal Society' and by the in- 
teresting work of Professor Wyville Thomson. Among other subjects, 
that of the temperature of the sea at various depths, and on the bottom 
itself, is of the greatest importance. The Fellows are also aware that 
for this purpose a peculiar thermometer was and is used, having its 
bulb protected by an outer bulb or casing, in order that its indications 
may not be vitiated by the pressure of the water at various depths, that 
pressure being about 1 ton per square inch to every 800 fathoms. This 
thermometer, as regards the protection of the bulb and its non-liability 
to be affected by pressure, is all that can be desired ; but unf ortimately 
the only thermometer available for the purpose of registering tempera- 
ture and bringing those indications to the surface is that which is 
commonly known as the Six's thermometer — an instrument acting by 
means of alcohol and mercury, and having movable indices with delicate 
springs of human hair tied to them. This form of instrument 
registers both maximum and minimum temperatures, and as an ordinary 
out-door thermometer it is very useful; but it is unsatisfactory for 
scientific purposes, and for the object which it is now used (viz. the 
determination of deep-sea temperatures) it leaves much to be desired. 
Thus the alcohol and mercury are liable to get mixed in travelling, or 
even by merely holding the instnunent in a horizontal position; the 
indices also are liable either to slip if too free, or to stick if too tight. 
A sudden jerk or concussion will also cause the instrument to give 
erroneous readings by lowering the indices, if the blow be downwards, 
or by raising them, if the blow be upwards. Besides these drawbacks, 
the Six's thermometer causes the observer additional anxiety on the score 
of inaccuracy; for, although we get a minimum temperature, we are 
by no means sure of the point where this Tninimnm lies. Thus Professor 
Wyville Thomson says (* Depths of the Sea,' p. 139):—" The determina- 
tion of temperature has hitherto rested chiefly upon the registration of 
minimum thermometers. It is obvious that the temperature registered 
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by minmium thermometers sunk to the bottom of the sea, even if their 
registration were unaffected by the pressure, would only give the lowest 
temperature reached somewhere between top and bottom, not necessarily 
at the bottom itself. The temperatures at various depths might indeed 
(provided they nowhere increased on going deeper) be determined by a 
series of mipim um thermometers placed at different distances along the 
line, though this would involve considerable difficulties. Still, the 
liability of the index to slip, and the probability that the indication of 
the thermometers would be affected by the great pressure to which they 
were exposed, rendered it very desirable to control their indications by 
an independent method." Again, at page 299, we find : — " I ought to 
mention that in taking the bottom temperature with the Six's thermo- 
meter the instrument simply indicates the lowest temperature to which 
it has been subjected ; so that if the bottom water were warmer than 
any other stratum through which the thermometer had passed, the 
observations would be erroneous." Undoubtedly this would be the case 
in extreme latitudes, or in any spot where the temperature of the air is 
colder than that of the ocean. Certainly the instrument might be 
warmed previous to lowering ; but if the coldest water should be on the 
Burfoce, no reading, to be depended upon, could be obtained. 

It was on reading these passages in the book above referred to that it 
became a matter of serious consideration with us whether a thermometer 
could be constructed which could not possibly be put out of order in 
travelling or by incautious handling, and which should be above suspicion 
and perfectly trustworthy in itfl indications. This was no very easy task. 
But the instrument now submitted to the Fellows of the Eo3ral Society 
seems to us to fulfil the above onerous conditions, being constructed on 
a plan different from that of any other self-registering thermometers, 
and containing as it does nothing but mercury, neither alcohol, air, nor 
indices. Its construction is most novel, and may be said to overthrow 
our previous ideas of handling delicate instruments, inasmuch as its 
indications are only given by upsetting the instrument. Having said 
this much, it will not be very difficult to guess the action of the thermo- 
meter ; for it is by upsetting or throwing out the mercury from the in- 
dicating column into a reservoir at a particular moment and in a par- 
ticular spot that we obtain a correct reading of the temperature at that 
moment and in that spot. First of all it must be observed that this in- 
strument has a protected bulb, in order to resist pressure. This pro- 
tected bulb is on the principle devised by us some sixteen years since, 
when we supplied a considerable number of thermometers thus protected 
to the Meteorological Department of the Board of Trade ; and they are 
described by the late Admiral FitzEoy in the first Number of the 
• Meteorological Papers,' page 55, published July 5th, 1857. Eeferring 
to the erroneous readings of all thermometers, consequent on their 
delicate bulbs being compressed by the great pressure of the ocean, he 
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says : — "With a view to obviate this failing, Messrs. Negretti and^iambra 
undertook to make a case for the weak bulbs, which should transmit 
temperature, but resist pressure. Accordingly a tube of thick glass is 
sealed outside the delicate bulb, between which and the casing is a space 
all round, which is nearly filled with mercury. The small space not so 
filled is a vacuum, into which the mercury can be expanded,^.or forced by 
heat or mechanical compression, without doing injury to 
or even compressing the inner or much more delicate 
bulb." 

The thermometers now in use in the * Challenger' Expe- 
dition are on this principle, the only difference being that 
the protecting chamber has been partly filled with alcohol 
instead of with mercury ; but that has nothing to do with 
the principle of the invention. 

We have therefore a protected bulb thermometer, like 
a siphon with parallel legs, all in one piece, and having a 
continuous communication, as in the annexed figure. The 
scale of this thermometer is pivoted on a centre, and 
being attached in a perpendicular position to a simple 
apparatus (which will be presently described), is lowered 
to any depth that may be desired. In its descent the 
thermometer acts as an ordinary instrument, the mercury 
rising or falling according to the temperature of the stratum 
through which it passes ; but so soon as the descent 
ceases, and a reverse motion is given to the line, so as to 
pull the thermometer to the surface, the instrument turns 
once on its centre, first bulb uppermost, and afterwards 
bulb downwards. This causes the mercury, which was 
in the left-hand column, first to pass into the dilated si- 
phon bend at the top, and thence into the right-hand tube, 
where it remains, indicating on a graduated scale the ex- 
act temperature at the time it was turned over. The wood- 
cut shows the position of the mercury after the instrument 
has been thus turned on its centre. A is the bulb ; B the 
outer coating or protecting cylinder ; C is the space of 
rarefied air, which is reduced if the outer casing be com- 
pressed ; D is a small glass plug on the principle of our 
Patent Maximum Thermometer, which cuts off, in the 
moment of turning, the mercury in the column from 
that of the bulb in the tube, thereby ensuring that none 
but the mercury in the tube can be transferred into 
the indicating column ; £ is an enlargement made in the 
bend so as to enable the mercury to pass quickly from 
one tube to another in revolving ; and P is the indicating 
tube, or thermometer proper. In its action, as soon as 
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the thennometer is put in motion, and immediately the tube has acquired 
a slightly oblique position, the mercury breaks off at the point D, runs 
into the curved and enlarged portion E, and eventually falls into the 
tube F, when this tube resumes its original perpendicular position. 

The contrivance for turning the thermometer over may be described as 
a short length of wood or metal having attached to it a small rudder or 
fan ; this fan is placed on a pivot ia connexion with a second, and on 
this second pivot is fixed the thermometer. The fan or rudder points up- 
wards in its descent through the water, and necessarily reverses its posi- 
tion in ascending. This simple motion or half turn of the rudder gives 
a whole turn to the thermometer, and has been found very effective. 

Various other methods may be used for turning the thermometer, 
such as a simple pulley with a weight which might be released on touching 
the bottom, or a small vertical propeller which would revolve in passing 
through the water. 



March 19, 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Eight Hon. Viscount Cardwell was admitted into the Society. 
The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — 

I. '' Preliminary Notice of Experiments concerning the Chemical 
Constitution of Saline Solutions." By Walter Noel Hartley, 
F.C.S., Demonstrator of Chemistry, King^s College, London. 
Communicated by Professor Stokes, Sec. B.S. Beceived 
February 3, 1874. 

The author has been engaged in investigating the above subject during 
the last eighteen months, and his experiments being still in progress, he 
thinks it desirable to place the following observations on record. 

In the examination of the absorption-spectra, as seen in wedge-shaped 
cells, of the principal salts of cerium, cobalt, copper, chromium, didymium, 
nickel, palladium, and uranium, to the number of nearly sixty different 
solutions, it was noticed that the properties of the substances in regard 
to changes of colour could be ascertained by noticing the absorption- 
curves and bands, so that, provided water be without chemical action, 
it could be foreseen what change would occur on dilution of a saturated 
solution. 

The effect of Heat <m Absorption-spectra. 

When saturated solutions of coloured salts are heated to 100° C, 1st, 
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there are few cases in which no change is noticed. 2ndly, generally the 
amount of light transmitted is diminished to a small extent by some of 
the more refrangible, the less refrangible, or both kinds of rays being 
obstructed. 3rdly, there is frequently a complete difference in the 
nature of the transmitted light. Anhydrous salts not decomposed, 
hydrated compounds not dehydrated at 100^ C, and salts which do not 
change colour on dehydration, give little or no alteration in their spectra 
when heated. 

Solutions of hydrated salts, and most notably those of haloid com- 
pounds, do change ; and the alteration is, if not identical with, similar to 
that produced by dehydration and the action of dehydrating liquids, such 
as alcohol, acids, and glycerine, on the salts in crystals or solutipn. 

A particular instance of the action of heat on an aqueous solution is 
that of cobalt chloride, which gives a different series of dark bands in 
the red part of the spectrum at different temperatures, ranging between 
23^ C. and 73^ C. Band after band of shadow intercepts the red rays as 
the temperature rises, till finally nothing but the blue are transmitted. 
Drawings of six different spectra of this remarkable nature have been 
made. The changes are most marked between 33° and 63®, when the 
temperature may be told almost to a degree by noting the appearance of 
the spectrum. Though to the unaided eye cobalt bromide appears to 
undergo the same change, yet, as seen with the spectroscope, it is not of 
80 curious a character, the bands being not so numerous. 

With cobalt iodide a band of red light is transmitted at low temperatures ; 
the band of light mores towards the opposite end of the spectrum, with rise 
of temperature, until it is transferred to such a position that it consists of 
green rays only. In this instance the change to the eye is more striking 
when seen without the spectroscope, because the mixtures of red, yellow, 
and green rays, which are formed during the transition, give rise to very 
beautiful shades of brown and olive-green. Thus a saturated solution at 
16° C. was of a brown colour, at — 10° C. it became of a fiery red and 
crystals separated, at -|-10® reddish brown, at 20° the same, at 35° 
Vandyke brown, at 45° a cold brown tint with a tinge of yellowish green, 
at 55*^ a decidedly yellowish green in thin layers and yellow-brown in 
thick, at 65° greenish brown, thin layers green, and at 75° olive-green. 
An examination of this cobalt salt has shown that there are two distinct 
crystalline hydrates — the one, formed at high temperatures, has the 
formula Co (^,211,0, and is of a dark green colour ; the other, which 
contains a much larger proportion of crystalline water, CoC[^,6I[fi, 
is produced at a low temperature, and its colour is generally brown, 
in cold weather inclining to red. 

The action of heat on solutions of didymium is characterized by a 
broadening of the black lines seen in the spectrum, more especially of 
the important band in the yellow ; and in the case of potassio-didymium 
nitrate, this is accompanied by the formation of a new line. In the case 
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of didymium acetate, which decomposes with separation of a basic salt, 
the lines thickened on heating. 

Thermo^hemical Experiments, 

Eegnauld (Institut, 1864 ; Jahresbericht, 1864, p. 99) has shown that 
on diluting a saturated solution of a salt, as a rule there is an absorption 
of heat ; but in one or two cases he noticed that heat was eyolyed. The 
change in colour that takes place on the dilution of saturated solutions of 
cobalt iodide, cupric chloride, bromide, and acetate is very remarkable. 
There is every likelihood that this phenomenon is due in each case to the 
formation of a liquid hydrate. It is impossible of belief that accompanying 
such a circumstance there should be no measurable development of heat; 
and the author's experiments have proved that in the above cases, at any 
rate, the heat disengaged is very considerable — amounting, for instance, 
on the part of cupric chloride, at least to about 2565 units when 1 gram 
molecule of the crystalline salt is dissolved in its Tnim'TnuTn of water at 
16° C. and brought into contact with sufficient to make the addition of 
40 Aq. These numbers only roughly approximate to the truth. On 
diluting a solution of cobalt iodide till the red colour appears, the thermal 
effect must be much greater, as not only does it register several degrees 
on an ordinary thermometer, but it may be perceived by the hand. 

The conclusions indicated by these results are obvious, but it is beyond 
the scope of this paper to refer to them. The writer hopes before long 
to complete his experiments with the view of having them communicated 
to the Boyal Society. 

II. "Note on the Intracellular Development of Blood-corpuscles 
in Mammalia.^' By Edward Albert Schafer. Communis 
cated by Dr. Sharpey, V.P.R.S. Received January 22, 1874. 

If the subcutaneous connective tissue of the new-bom rat* is exa- 
mined under the microscope in an indifferent fluid, it is found to consist 
chiefly of an almost homogeneous hyaline ground-substance, which is 
traversed by a few wavy fibres, and has a considerable number of exceed- 
ingly delicate, more or less flattened celld scattered throughout the tissue. 
The cells here spoken of are of course the connective-tissue corpuscles. 
They are not much branched as a rule (at any rate their branches do not 
extend far from the body of the corpuscle), and they are mainly distin- 
guished by the extraordinary amount of vacuolation which they exhibit — 
by which is meant the formation within the protoplasm of minute clear 
spherules, less refractive than that substance, and probably, therefore, 
spaces in it containing a watery fluid. The nuclei, of which there is 
generally not more than one in each cell, are frequently obscured by the 
vacuoles, but, when visible, are seen to be round or oval in shape and 

* The animal employed was the white rat. 
VOL. XXII. ^ 

Digitized by VjOOQIC 



244 On the Blood-carpusclea of Mammalia. [Mar. 19, 

beautifully clear and honiogeneouB ; they commonly contain either one 
or two nucleoli. It is from these cells that the blood-yessels of the tissue 
are formed, and within them, red, and perhaps also» white blood-cor- 
pusdes become developed. 

Of the vacuolated cells above described some possess a distinct reddish 
tinge, either pretty evenly diffused over the whole corpuscle, or in one or 
more patches, not distinctly circumscribed, but fading off into the sur- 
rounding protoplasm. Others contain either one, two, or a greater num- 
ber of reddish globules, consisting apparently of hemoglobin. These vary 
in size, from'minute specks to spherules as large as, or even larger than, 
the red corpuscles of the adult : in cells which are apparently least deve- 
loped it is common to find them of various sizes in the same cell ; whereas 
cells which are further advanced in development are not uncommonly 
crowded with hemoglobin-globules, tolerably equal in point of size, and 
differing from the adult corpuscle only in shape. It is important to re- 
mark that there is, at no time, an indication of any structure within the 
globules resembling a nucleus : the nucleus of the cell abo appears, up to 
this point at least, to undergo no change. In fact the formation of the 
hemoglobin-globules reminds one rather of a deposit within the cell- 
substance such as occurs in developing fat-cells, the difference being that 
in the latter case the deposited globules eventually run together into one 
drop, whereas in the former they remain distinct as they increase in size 
and eventually take on the flattened form. 

Before, however, this change occurs in the hemoglobin-globules, the 
cells containing them become lengthened, and are soon found each to 
contain a cavity, within which the globules now lie. This cavity is pro- 
bably formed by a coalescence of the vacuoles of the cell, or, what amounts 
to the same thing, by the enlargement of one vacuole and the absorption 
of the rest into it. The cell now comes to resemble a segment of a ca- 
piUary, but with pointed and closed extremities ; it is of an elongated 
fusiform shape, and consists of a hyaline protoplasmic wall (in which the 
nucleus is imbedded) enclosing blood-corpuscles in a fluid — ^blood, in fact. 

Two or more such cells may become united at their ends, a communi- 
cation being established between their cavities ; indeed, by aid of branches 
sent out from the sides a number of cells may unite to form a complete 
plexus of capillary vessels containing blood, and situate at a considerable 
distance in the tissue from any vessels in which blood is circulating. 
Eventually, however, these last become united with the newly developed 
capillaries, and the blood contained in the latter thus gets into the 
general circulation. 

With regard to the mode of junction of the capillary-forming cells with 
one another, and with processes from preexisting capillaries, it has seemed 
to me to occur most commonly, not by a growing together of their ex'* 
treme points, as commonly described, but rather by an overlapping and 
coaptation of their fusiform ends, which, at first solid, become subse* 
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quently hollowed by an eztenBion into them of the cayity of the cell or 
capillary, the partition between the two being finally absorbed. 

The best preparations for demonstrating the facts above described are 
obtained from the subcutaneous tissue of the upper part of the fore limb, 
and from that under the skin of the back — ^regions in which, in the adult 
rat, this tissue becomes ahnost entirely converted into fat. Even in the 
new-bom animal some portions have already undergone this change ; and 
it is principally in the neighbourhood of such patches that the hiema- 
poietic cells are met with. It is only when the young rats are not more 
than a few days old that the formation of blood-vessels is preceded by a 
development of blood-corpuscles within the same cells as form the vessels ; 
in such other animals as I have hitherto examined this phenomenon seemfii 
to occur only whilst still in the foetal state. The immature condition in 
which the young of the rat are brought forth is sufficient to account for 
this difference. 

The observations here recorded as to the intracellular development of 
blood-corpuscles arid in many respects in accordance with what has already 
been described by others as occurring in the area vaseulosa and other parts 
of the embryo chick. It has not, however, appeared desirable to enter 
into the literature of the subject in this brief notice. 

III. " On the Attractions of Magnets and Electric Conductors/^ 
By OsoaoE Ooee, F.B.S. Received January 27, 1874. 

Being desirous of ascertaining whether, in the case of two parallel 
wires conveying electric currents, the attractions and repulsions were 
between the currents themselves or the substances conveying them, and 
believing this question had not been previously settled, I made the fol- 
lowing experiment : — 

I passed a powerful voltaic current through the thick copper wire of a 
large electromagnet, and then divided it equally between two vertical 
pieces of thin platinum wire of equal diameter and length (about six ot 
seven centimetres), so as to make them equally white-hot, the two wires 
being attached to two horizontal cross wires of copper. 

On approaching the two vertical wires symmetrically towards the 
vertical face of one pole of the horizontally placed magnet, and at equal 
distances from it, so that the two downward currents in them might be 
equally acted upon by the downward and upward portions respectively 
of the curt^nts which circulated round tiie magnet-pole, the one was 
strongly bent towards and the other from the pole, as was, of course, 
expected ; but not the least sign of alteration of relative temperature of 
the two wires could be perceived, thereby proving that not even a smi^ 
proportion of the current was repulsed from the repelled wire or drawn 
into the attracted one, as would have occurred had the attraction and 
repulsion taken place, even to a moderate degree, between the currents 

tj2 
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themselyes ; and I therefore conclude that ihe attractions and repulsions 
of electric conductors are not exerted between the currents themselves^ htvt 
between the substances conveying^ihem, 

. Some important consequences appear to flow from this conclusion, 
especially when it is considered in connexion with Ampere's theory of 
magnetism, and with the molecular changes produced in bodies generally 
by electric currents and by magnetism. 

As every molecular disturbance produces an electric alteration in bodies, 
so, conversely, the discoveries of numerous investigators have shown that 
every electric current passing near or through a substance produces a 
molecular change, which is rendered manifest in all metals, liquid con- 
ductors, and even in the voltaic arc by the development of sounds, espe- 
cially if the substances are under the influence of two currents at right 
angles to each other. In iron it is conspicuously shown also by electro- 
torsion, a phenomenon I have found and recently made known in a paper 
read before the Eoyal Society. 

Numerous facts also support the conclusion that the molecular changes 
referred to last as long as the current. De laEive has shown that a rod 
of iron, either transmitting or encircled by an electric current, emits, as 
long as the current lasts, a different sound when struck ; and we know it 
also exhibits magnetism. The peculiar optical properties of glass and 
pther bodies with regard to polarized light discovered by Earaday also 
continue as long as the current. A rod of iron also remains twisted as 
long as it transmits and is encircled by electric currents ; and in steel 
and iron the molecular change (like magnetism) partly remains after the 
currents cease, and enables the bar to remain twisted. 

GPhat the peculiar molecular structure produced in bodies generally by 
the action of electric currents also possesses a definite direction with re- 
gard to that of the current, is shown by the rigidly definite direction of 
action of magnetized glass and many other transparent bodies upon polar- 
ized light, also by the difference of conductivity for heat and for elec- 
tricity in a plate of iron parallel or transverse to electric currents, by 
the stratified character of electric discharges in rarefied gases and 
the action of electric currents upon it, and especially by the pheno- 
mena of electro-torsion. In the latest example an upward current pro- 
duces a reverse direction of twist to a downward one, and a right-handed 
current develops an opposite torsion to a left-handed one ,* and the two 
latter are each intemsJly different from the former. As each of these 
four torsions is an outward manifestation of the collective result of inter- 
nal molecular disturbance and possesses different properties, these four 
cases prove the existence of four distinct xholecular movements and four 
corresponding directions of structure; and the phenomena altogether 
are of the most rigidly definite character. 

As an electric current imparts a definite direction of molecular struc- 
ture to bodies, and as the attractions and repulsions of electric wires are 
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between the wires themselves and not between the currents, repulsion in- 
stead of attraction must be due to difference of direction of structure pro- 
duced by difference of direction of the currents. 

Although the Amp^rean theory has rendered immense service to mag- 
netic science, and agrees admirably with all the phenomena of electro- 
magnetic attraction, repulsion, and motion, it is in some respects defec- 
tive; it assumes that magnetism is due to innumerable little electric 
currents continually circulating in one uniform direction round the mo- 
lecules of the iron ; but there is no known instance of electric currents 
being maintained without the consumption of power, and in magnets 
there is no source of power ; electric currents also generate heat, but a 
magnet is not a heated body. 

If, however, we substitute the view that the phenomena of attraction 
and repulsion of magnets are due, not to continuously circulating electric 
currents, but (as in electric wires) to definite directions of molecular 
structure, such as is shown by the phenomena of electro-torsion to really 
exist in them, the theory becomes more perfect. It would also agree vtith 
the fact that iron and steel have the power of retaining both magnetism 
and the electro-torsional state after the currents or other causes producing 
them have ceased. 

According so this view, a magnet, like a spring, is not a source of 
power, but only an arrangement for storing it up, the power being re- 
tained by some internal disposition of its particles acting like a ''ratchet" 
and termed " coercive power." The fact that a magnet becomes warm 
when its variations of magnetism are great and rapidly repeated, does 
not contradict this view, because we know it has then, like any other 
conductor of electricity, electric currents induced in it, and these develop 
heat by conduction-resistance. 

According also to this view, any method which will produce the requi- 
site direction of structure in a body will impart to it the capacity of being 
acted upon by a magnet ; and any substance, ferruginous or not, which 
possesses that structure has that capacity ; and, in accordance with this, 
we find that a crystal of cjranite (a silicate of alumina) possesses .the pro- 
perty, whilst freely suspended, of pointing north and south by the direc- 
tive influence of terrestrial magnetism, and one of stannite (oxide of tin) 
points east and west under the same conditions. 

IV. '' Spectroscopic Observations of the Sun.'' By J. Norman 
LocKYER^ F.R.S.^ and Ot. M. Sbabroke^ F.R.A.S. Received 
February 2, 1874. 

(Abstract.) 

This paper consisted of the observations made of the sun's chrom<H 
sphere and of the prominences for the period 1st September, 1872, to 
31st December, 1873. Details are given of the modes of observation 
adopted. 
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March 26, 1874. 
JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Fresentsreoeiyed were laid on the table, and thanks ordered for 
them. 
The following Papers were read : — 

I. '' On the Organization of the Fossil Plants of the Coal- 
measnres.— Part VI. Fems.'^ By W. C. Willumson, F.R.S., 
Professor of Natural History in Owens College, Manchester. 
Beceived March 18, 1874. 

(Abstract.) 

The author called attention to the various methods of classifying the 
fern-stems and petioles of the Goal-measures adopted by Cotta, Gorda, 
Brongniart, and others, and to the difficulties which attend those methods. 
Some of those difficulties had been.already felt and partially removed by 
M. Brongniart. All the generic distinctions hitherto adopted were 
based upon variations in the form, number, and arrangement of the vas- 
cular bundles. These elements vary so much, not only in different species 
of the same genus, but in different parts of the same petiole, as to make 
them most untrustworthy guides to generic distinctions. The consequence 
has been an enormous multipHcation of genera ; but, notwithstanding 
their number, the author found that if he adopted the methods of his pre- 
decessors he would have to establish additional ones for the reception of 
his new forms. Under these circumstances he decides that it will be 
better to include the entire series of these petioles, provisionally, under the 
common generic term of Sachiopteris, This plan dispenses with a number 
of meaningless genera, and is rendered additionally desirable by the cir- 
cumstance that all the petioles to which these numerous generic names 
have been apphed belong to fronds which have already received other 
names, such as Fecopteris^ SphenopteriSi &c., only the structure of fronds 
found in the shales, and their respective petioles of which we have ascer- 
tained the structure, have not yet been correlated. 

As a preparation for the present investigation, the author made an ex- 
tensive series of researches amongst recent British and foreign fern-stems 
and petioles, with the object of ascertaining not only the modifications in 
their arrangements in di&rent parts of the same plant, but especially of 
studying the modes in which secondary and tertiary vascular bundles 
were derived from the primary ones. This inquiry led him over the 
ground previously traversed by M. TrAnil, and, so far as British ferns 
were concerned, by Mr. Church. 

The most common general forms exhibited by transverse sections of 
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these bundles in recent petioles may be represented by the letters H, T, 
F, and X. As a general rule, the secondary bundles are given ofE horn 
that part of the primary one which happens to be nearest to the secondary 
rachis to be supplied. Thus in some cases the upper arms of the X will 
merely be prolonged and their ends detached ; in other cases a loop pro- 
jects from the iide of one or both arms of the TJ, and becomes detached 
as a ring. 

The first petiole, described under the name of Bachiopieris aspera, is 
one in which transverse sections of the central vascular bundle exhibit 
jnodificatians of the H form at its base, separating into two contiguous 
bundles higher up, and ultimately reverting to the Y form — ^the gutter- 
shaped bundle (en gouUiere) of M. Tr^cul. This is the plant to which, on 
a previous occasion, the author proposed to assign the generic name of 
EdraopyiUm (Proc. Boy. Soc. vol. zx. p. 438). The vessels are chiefly 
reticulate, with some of the barred and spiral types. The bark con- 
sists of a delicate inner parenchyma, the cubical cells of which are arranged 
vertically. This is. enclosed in a coarser middle parenchyma, and the 
whole is surrounded by an outer layer, composed of intermingled paren- 
chyma and prosenchyma, the latter being disposed in vertical fibrous 
bands, having wedgenshaped transverse sections, and being modifications 
of the sclerenchyma of authors. The outer surface of the bark is covered 
with innumerable little, obtuse, projecting cellular appendages, which are 
obviously abortive hairs. These appendages are relatively larger in the 
smaller rachis than in the larger petioles. In very young petioles trans- 
verse bands of small consolidated cells traverse the bark at numerous 
points, reminding us of the similar conditions seen in the HeUrangium 
Orieviif described in a previous memoir. In the larger petioles these 
ceUular bands have disappeared, and left in their places large intercelluLir 
lacume. Numerous fn^ments'of the terminal rachis of the above plant 
have been obtained with the leaflets attached. Por along time the author 
believed that he could identify these with the detached leaflets of a Pe- 
eopteris, which are very abundant in the Oldham nodules; but later 
researches have led to the conclusion that the plant has been a Sphetuh' 
pteris, closely allied to, if not identical with, the 8. Hoeninghausi of 
Brongniart. The author proposes the provisional name of Bathtopteris 
aspera for the above plant. 

The next petiole described is one to which Mr. Binney proposed 
(' Proceedings of the Literary and Philosophical Society of Manchester,' 
Jan. 9, 1872) to give the name of Siauroptms Oldhamia, This is one of 
the plants of which the vascular bundle, when seen in transverse section, 
exhibits the appearance of the letter X. The vessels composing this 
bundle are barred ones ; they are sometimes grouped in four slightly 
coherent clusters, with some delicate, vertically elongated cells in or near 
their central point of conjunction. The same kind of cellular tissue sur- 
rounds the bundle, forming a thin layer, which passes rapidly into a very 
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thick layer, of coarse prosenchyma, and which has evidentlj been hard and 
woody, a8 in many of the recent Adiantiums. Towards the upper part 
of the petiole the vascular bundle becomes distinctly consolidated into a 
single cluster of crucial form ; it then passes into a somewhat trifid form, 
and ultimately into a small cylindrical one. This petiole has branched 
much more freely than any of the others described. Two of the extre- 
mities of the crucial arms of the vascular bundle become first enlarged 
and then detached as two secondary bundles, which generally have an 
irregularly triangular transverse section, with long arms to the triangle. 
These triangular bundles are altogether different firom the central axis of 
AsterophyUites described in a preoedmg memoir. The ultimate subdivisionB 
of these secondary branches look more like the terminations of cylindrical 
rootlets than of petioles — ^which &ct, combined with the circumstance that 
no traces of leaflets have been found associated with any of these ultimate 
twigs, renders the petiolar nature of this plant open to question, though 
the arguments in favour of its being a branching fern-petiole preponderate 
over those which militate against that conclusion. The author designates 
this plant jRachiapteris Oldhamia» 

The next plant described is an exquisitely beautiful petiole from Burnt- 
island, to two detached portions of which the author has already assigned 
the names of Arpexyhn duplex and A, simplex* ^ but which two forms he 
now proves to belong to the same plant. In the matured petiole the 
vascular bundle is always a double one. There is a central bundle, 
exhibiting a transverse section shaped like an hour-glass, one side of 
which is truncated and the other rounded, with a free, narrow, crescentic 
band at the more truncate of its enlarged extremities. At each of these 
extremities of the central bundle there is a longitudinal groove, which is 
shallow on the truncated side nearest to the crescentic bundle, but so sur- 
rounded by small vessels at the opposite convex side as often to become 
converted into a longitudinal canal. The hour-glass bundle always reap- 
pears in various specimens under the same aspect ; but the crescentic one 
divides into two lateral halves, and the ends of each of these two subdivided 
parts curl under their more central portions. We thus obtain two of the 
crescentic structures previously designated Arpexyhn simplex. These 
crescents are traced outwards through the bark to lateral secondary rachides. 
The vessels thus detached from the truncated side of the central hour- 
glass bundle now reappear at its opposite and more convex side, whence, 
in turn, they again become detached ; so that the truncate surface with 
its crescentic appendage, and the more oblate one with its almost closed 
canal, have alternately reversed their positions in the petiole as each 
secondary rachis was given off. Alternating distichous tertiary rachides 
spring from these secondary ones. 

Two plants which appear to be identical with those described by M. 
Benault, uinderthe names of ZygopierisLacaUii and Z.hihracUensiSy are next 
t ProoeediogB of the Boyal Society, vol. n. p. 438. 
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examined*. In these plants the section of the central bundle exhibits a 
form of the letter H. The vessels of the large central transverse bar are all 
reticulated ones : the greater part of those of the terminal vertical bars 
are of the same character ; but the outermost vessels of those latter 
structures are barred or quasi-scalariform. As in the case of JR. duplex^ 
already described, these outermost layers of barred vessels, accompanied 
by a few reticulated ones, become detached alternately from opposite sides 
of the Hnshaped central bundle. Passing quickly through a thin delicate 
cellular inner bark, they enter the coarser parenchyma of a middle one, 
as two irregular clusters of vessels with one common investment pro- 
longed from the innermost bark. On reaching the outer bark they become 
two distinct cylindrical bundles, each with its own delicate cortical 
investing layer ; and thus invested, they emerge from the primary petiole 
to supply the secondary rachis. 

The OUham specimens of Baehiopteris hibractiensis agree with those 
described by M. Eenault in having all their vessels of the barred type. 
The outer bark projects at numerous points in large conical abortive 
hairs, which almost assume a spinous aspect. 

The author further figures and describes the section of a vascular axis, 
with a central cellular medulla surrounded by five contiguous crescentic 
masses of vascular tissue, whose concavities are directed outwards. This 
plant appears identical with the Anarchopteris Decaisnii of Benault. 



II. " On the Motions of some of the Nebulae towards or from 
the Earth.'' By William Huggins, D.C.L., LL.D., F.R.S. 
Received January 26, 1874. 

The observations on the motions of some of the stars towards and 
from the earth which I had the honour to present to the Boyal Society 
in 1872 appeared to show, from the position in the heavens of the 
approaching and receding stars, as well as from the relative velocities of 
their approach and recession, that the sun's motion in space could not be 
regarded as the sole cause of these motions. *' There can be little doubt 
but that in the observed stellar movements we have to do with two other 
independent motions — ^namely, a movement common to certain groups 
of stars, and also a motion peculiar to each star^t. 

It presented itself to me as a matter of some importance to en- 
deavour to extend this inquiry to the nebul», as it seemed possible 
that some light might be thrown on the cosmical relations of the gaseous 
nebulae to the stars and to our steDar system by observations of their 
motions of recession and of approach. 

Since the date of the paper to which I have referred, I have availed 

* Annales des Soiences NatureUes, 5* sirie, Bot. tome xix. 
t Proceedings of the Boyal Society, vol. zz. p. 3&2, 



Digiti 



ized by Google 



252 Dr. W. Huggius on the Motion$ of some [Mar. 26^ 

myself of the nights suffidentlj fine (unusually few even for our un- 
&yourable climate) to make observations on this point. 

The inquiry was found to be one of great difficulty, from the f aintness 
of the objects and the very minute alteration in position in the spectrum 
which had to be observed. 

At first the inquiry appeared hopeless, from the circumstance that the 
brightest line in the nebular spectrum is not sufficiently coincident in 
character and position with the brightest line in the spectrum of nitrogen 
to permit this line to be used as a fiducial line of comparison. The line 
in the spectrum of the nebulse is narrow and defined, while the line of 
nitrogen is double, and each component is nebulous and broader than 
the line of the nebulas. The nebular line is apparently coincident 
with the middle of the less refrangible line of the double line of ni- 
trogen*. 

The third and fourth lines of the nebular spectrum are undoubtedly 
those of hydrogen ; but their great f aintness makes it impossible to use 
them as lines of comparison under the necessary conditions of great dis- 
persive power, except in the case of the brightest nebulas. 

The second line, as I showed in the paper to which I have referred, is 
sensibly coincident with an iron Hne, wave-length 495*7 ; but this line is 
inconveniently faint, except in the brightest nebula). 

In the course of some other experiments my attention was directed to 
a line in the spectrum of lead which falls upon the less refrangible of the 
components of the double line of nitrogen. This line appeared to meet 
the requirements of the case, as it is narrow, of a width corresponding to 
the slit, defined at both edges, and in the position in the spectrum of the 
t)rightest of the lines of the nebulas. 

In December 1872 I compared this line directly with the first line in 
the spectrum of the Great Nebula in Orion. I was delighted to find this 
line sufficiently coincident in position to serve as a fiducial line of com- 
parison. 

I am not prepared to say that the coincidence is perfect; on the con- 
trary, I believe that if greater prism-power could be brought to bear 
upon the nebulsB, the line in the lead spectrum would be found to be in 
a small degree more refrangible than the line in the nebulae. 

The spectroscope employed in these observations contains two com- 
pound prisms, each giving a dispersion of 9^ 6' from A to H. A mag- 
nifying-power of 16 diameters' was used. 

In the simultaneous observation of the two lines it was found that if 
the lead line was made rather less bright than the nebular line, die smaU 
excess of apparent breadth of this latter line, from its greater brightness, 
appeared to overlap the lead line to a very small amount on its less 
refrangible side, so that the more refrangible sides of the two lines 
appeared to be in a straight Hne across the spectrum. This line could be 
, * Frooeedings of the Boyal Sooietj, vol. zz..p. 960l 
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therefore conyeniently employed as a fiducial line in the observations I 
had in yiew. 

In my own map of the spectrum of lead this line is not given. In 
Thal^n's map (1868) the line is represented by a short line to show that, 
under the conditions of spark under which Thal^n observed, this line was 
emitted by those portions only of the vapour of lead which are dose to 
the electrodes. 

I find that by alterations of the character of the spark this line becomes 
long, and reaches from electrode to electrode. As some of those conditions 
(such as the absence of the Leyden jars, or the close approximation of 
the electrodes when the Leyden jars are in circuit) are those in which the 
lines of nitrogen of the air in which the spark is taken are faint or 
absent, the circumstance of the line becoming bright and long or fiunt 
and short, inversely as the line of nitrogen, suggested to me the possi- 
bility that the line might be due not to the vapour of lead, but to some 
combination of nitrogen under the presence of lead vapour. As, how- 
ever, this line is bright under similar conditions when the spark is taken 
in a current of hydrogen, this supposition cannot be correct. 

A condition of the spark may be obtained in which the strongest lines 
of the ordinary lead spectrum are scarcely visible, and the line under 
consideration becomes the strongest in the spectrum, with the exception 
of the bright line in the extreme violet. 

I need scarcely remark that the circumstance of making use of this 
line for the purpose of a standard line of comparison is not to be taken 
as affording any evidence in favour of the existence of lead in the 
nebulffi. 

Each nebula was observed on several nights, so that the whole observ- 
ing time of the past year was devoted to this inquiry. In no instance 
was any change of relative position of the nebular line and the lead line 
detected. 

It follows that none of the nebulsd observed shows a motion of trans- 
lation so great as 25 miles per second, including the earth's motion at 
the time. This motion must be considered in the results to be drawn 
from the observations; for if the earth's motion be, say, 10 miles 
per second from the nebula, then the nebula would not be receding 
with a velocity greater than 15 miles per second ; but the nebida might be 
approaching with velocity as great as 35 miles per second, because 10 
miles of this velocity would be destroyed by the earth's motion in the 
contrary direction. 

The observations seem to show that the gaseous nebulsD as a class 
have not proper motions so great as the bright stars. It may be 
remarked that two other kinds of motion may exist in the nebulie, and, 
if suiSdently rapid, m^ be detected by the spectroscope : — 1. A motion 
of rotation in the planetary nebulas, which might be discovered by phudng 
the slit of the inslrument on opposite limbs of the nebul®. 2. A motion 
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of translation in the visual direction of some portions of the nebulous 
matter within the nebula, which might be found by comparing the 
different parts of a large and bright nebula. 

Sir William Herschel states that " nebul» were generally detected in 
certain directions rather than in others, that the spaces preceding them 
were generally quite deprived of stars, that the nebulsB appeared some 
time after among stars of a certain considerable size and but seldom 
among very small stars, that when I came to one nebula I found several 
more in the same neighbourhood, and afterwards a considerable time 
passed before I came to another parcel "*. 

Since the existence of real nebulad has been established by the use of 
the spectroscope, Mr. Froctorf and Professor D'Arrestt have called 
attention to the relation of position which the gaseous nebul® hold to the 
Milky Way and the sidereal system. 

It was with the hope of adding to our information on this point that 
these observations of the motions of the nebulsB were undertaken. 

In the following list the numbers are taken from Sir J. Herschel's 
' General Catalogue of Nebulae.' The earth's motion given is the mean 
of the motions of the different days of observation. 



No. 


h. 


H. 


Others. 


Earth's motion from Nebula. 


1179 


360 


* • 


M.42 


7 miles per second. 


4234 


1970 


, , 


2.6 


12 „ 


4373 


, , 


IV. 37. 


, , 


1 „ 


4390 


2000 


, , 


S.6 


2 „ 


4447 


2023 


, , 


M. 57 


3 » 1J 


4510 


2047 


IV. 51. 


, , 


14 „ 


4964 


2241 


IV. 18. 


•• 


13 „ 



III. '* On the Annual Variation of the Magnetic Declination.** By 
J. A. Broun, F.R.S. Received February 11, 1874. 

The first observations which seemed to show that the mean position 
of the declination-needle followed an annual law were those of Gassini, 
made, more than eighty years ago, in the hall of the Paris Observatory 
and in the caves below it (90 feet under ground). It cannot be said, 
however, that Cassini's result has been confirmed by subsequent observa* 
tions, either as regards the direction or amounts of movement from 
month to month. 

The extensive series of observations made in 4ifferent parts of the 

* PhiloBophioal TransaotioiiB, 1784, p. 448. 

t Other Worlds than Ours, pp. 280-290. 

X Astronomisobe Nachriofaten, No. 1906, p. 190. 
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world in modem times have given results so different that we must con- 
clude either that the magnetic needle obeys different annual laws at each 
place, or that the differences are due to instrumental errors. The con* 
sequence has been that, after long, laborious, and expensive researches, it is 
still a question whether the magnetic needle obeys an annual law or not. 

The results obtained at some observatories have made it very probable 
that, if an annual law exist, the range of the oscillation must be very 
small. It is therefore essential, in questioning any series of observa* 
tions for this law, to be assured that the errors (instrumental or others) 
are neither considerable nor systematic. 

I have concluded, from several series of observations made with sus- 
pension-threads bearing unmagnetic or slightly magnetic weights, that 
the systematic errors due to varying temperature or humidity are very 
small when the suspension-threads are carefully constructed with fibres 
from which the original torsion has been removed. Dr. Lloyd has con- 
cluded that threads with fibres differently twisted may produce com- 
paratively large annual variations in different directions, according to the 
direction of the twist.* There is little doubt, however, that the greatest 
errors are due to the unequal stretching and rupture of the different 
fibres which form the suspension-thread. 

When the instrumental errors may be so considerable compared with 
the variations to be observed, it cannot be supposed e^ptraordinary that 
instruments in different places give different results; and it appears 
essential so to eliminate the sources of error that two instruments in the 
same place may tell the same story before we attempt to announce the 
existence of any law. 

If at sea two or more chronometers are necessary in case one may be 
affected by error, it seems not less necessary in scientific researches 
requiring continuous observations for years, where errors are so difficult 
of detection and elimination, that two or more instruments should be 
observed. These considerations induced me to establish at Trevan- 
drum two declination-magnetometers of different construction, placed 
under considerably different atmospheric conditions ; and it is to the 
results of sixteen years' comparative observation from these two instru- 
ments that I desire to draw the attention of physicists. 

Both instruments had suspension-threads made with the utmost care. 
One, Dr. Lloyd's instrument, made by Mr. Grubb, of Dublin, with a 
magnet weighing nearly a pound, was placed in the large room of the 
Trevandrum Magnetic Observatory, which was always more or less open 
to the external air; and, although covered by a cotton-wadded hood and 
a series of boxes, it was much more liable to any errors due to atmo- 
spheric actions than the other. Its chief source of error was, however, 
connected with small movements of the telescope wire, although that was 
made to coincide, at varying intervals of time, with the transit-mark five 
miles distant. 
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The second instmment, made according to my own designs by Mr. P. 
Adie, of London, had a magnet weighing only about one sixth of the other ; 
it was suspended under a glass bell from which the air was exhausted, 
and which was covered with two hoods — one with gilt surfaces, the 
other with cotton wadding. This instrument was placed in a closed room 
without windows or external openings, and with a terraced ceiling below 
the observatory roof. Observed from without (within the large room of 
the observatory), the diurnal variations of temperature in the instrument 
were not more than three tenths (0*3) of a degree Fahrenheit, while the 
annual variation was under 5^ Fahr.* 

The compared mean positions of the two magnets for each day, derived 
from hourly observations of both instruments during eleven years, and 
from eight daily observations during the remaining five years, will be 
found with all other details in the volume referred to in the note to the 
preceding paragraph. It will be sufficient for the purposes now in view 
to give here the chief conclusions from these means. 

The monthly mean declinations having been freed from the secular 
movement, and the means for three groups of years having been taken, 
these means are represented very nearly by the following equations of 
sines (6=0, Jan. 15): — 

Yean. 
iR^+niAfiQ i^^^' y=0'-033sm(e+135°)+0'-069sin(2e+29n 
loo^To laow \Grubb.y=0'-030sin(a+150°)+0'-078sin(26+300°). 

1860 to 1864 / ^*®' y=0'-190 sin (e + 178*')+0*-070 sin (20+324°). 
1 Grubb. y=0'-099 sin (a+211°)+0'-062 sin(2a+319°). 

1866 to 1869 / ^^®- y=<^'*171 sin (e+18P)+0'-104Bin (26+342°). 
1 Grubb. y=0'-062 sin (6+228°)+0''122 sin (26+322°). 

In the years 1854 to 1859 the movements of Orubb's telescope were 
very small, the daily mean declinations from both instruments differing 
rarely more than 0''1 throughout the whole six years. It will be seen 
that the equations for these years agree very nearly. In spite of the 
greater movements of the telescope in following years (affecting chiefly 
the coefficient of sin 6), the epochs of maxima and miniTn^ derived from 
the two instruments differ but little, and all the principal deviations 
from the m^an law for any year are confirmed by both instruments. 

When the means for the whole sixteen years are taken, and the equi- 

* Experiments with Buspension-threadB oanying slightly magnetio weights of nearly 
one poimdi showed that the effect of a change of 1° Fahr. on the position of Grubb's 
magnet amounted to about 0'003 (=0"-18)— a result deduced from the changes of tem- 
perature from hour to hour, as well as from those from day to day. I must refer to 
the first volume of the * Trevandrum Obserrations,' now in the press, for the details of 
these experiments. 
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valent equations of sinoB are carried to four terms, the following- resulttf 
are obtained : — 

1854 to 1869. 

Adie. .y=0''120 sin (0+175^)+0'-076 sin (20+323°) 

rf O'-Oll sin (30+299°)+0'-022 sin (40+181°). 

Grubb.y=0'-056 sin (0+209°)+0'-095 sin (26+315°) 

+0'-012 sin (3e+293°)+0'-022 sin (46+197°). 

From these equations we deduce the following epochs of maxima and 
minima : — 

Minima. Maxima. 

Adie. January 26 and May 19. March 14 and October 1. 
Grubb; January 13 and May 23. March 18 and September 29. 

The confirmation of the results from Adie's instrument by those from 
Orubb'sy in spite of the errors of the latter, is so marked in each year 
and group of years, that we can affirm that at Trevandrum, in the south 
magnetic hemisphere, the magnetic needle obeys an annual law producing 
a double oscillation, having a minimum towards ttie end of May, the prin* 
cipal maximum near the end of September, another minimum in January, 
and a secondary maximum in the middle of March. Or, taking the results 
from Adie's instrument as modt free from all error, the principal mini- 
mum occurs about a month before the June solstice, and the secondary 
Tninimnm about a month after the December solstice ; while the principal 
Tn i^TimiiTTi occurs about a week after the September equinox, and the 
secondary maximum about a week before the March equinox. 

In the result obtained by me from four years' observations (1843^ to 
1846) at Makerstoun, in Scotland, the greatest easterly position was 
attained in the end of April or beginning of May, and the greatest 
westerly (or least easterly) position in September. If that result, derived 
from a single instrument, can be accepted*, it would appear that the 
movements of the north end of the needle, in the annual variations, are 
in opposite directions at Trevandrum and Makerstoun at the same period 
of the year. This result agrees with that which I have found for the 
decennial inequality, or that in the south magnetic hemisphere ; the law 
for the south end of the magnet is the same as that for the north end of 
the magnet in the north magnetic hemisphere : but it is opposed to the 
result obtained by me for the twenty-six day period, in which the easterly 
and northerly magnetic forces have their maxima at the same time in both 
hemispheres. 

It follows that the results which are connected with the sun's rota- 
tion on its axis are the same in both hemispheres, while those related to 

* I bare always conaidered this result a near approximation to the trutb, bat it 
waa not confirmed by the rery limited Beriee of obeervationB made in the three aubee- 
quent yeart, yeorf of great disturbanoe. 
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the earth's revolution round the sun appear opposite in the two hemi* 
spheres. 

It might be supposed, as was done for the diurnal variation of magnetic 
declination, that the directions of motion being opposite in the two hemi- 
spheres, the amount of motion should diminish, and perhaps altogether 
disappear, at the magnetic equator. This does not seem to be the case 
for the annual law more than for the diurnal law, the range of the 
mean oscillation from four years' observations at Makerstoun being about 
l''0, which is little different from that found for Trevandrum (0''33), the 
difference of the directive forces being considered. 

The Society then adjourned over the Easter Becess to Thursday, 
April 16th. 



Presents received March 5, 1874. 

Transactions. 
Berlin: — ^Konigl. Preussische Akademie der Wissenschaften. Mo- 

natsbericht. February to December 1873. 8vo. The Academy. 
!Florence : — "R. Comitate Ghologico d'ltalia. Bollettino. Anno 1873. 

No. 5-8, 11, 12. 8vo. Firenze. The Institution. 

London : — Society of Antiquaries. ArchsDologia. Vol. XLIII. Part 2 ; 

Vol. XLIV. Part 1. 4to. 1873. The Society. 

Nijmegen : — ^Nederlandsche Botanische Vereeniging. Nederlandsch 

Kruidkundig Archief. Verslagen en Mededeelingen. Tweede 

Serie. Deel I. Stuk 3. 8vo. 1873. The Society. 

Vienna : — ^Anthropologische Gesellschaft. Mittheilungen. Band m. 

Nr. 1-9. 8vo. Wien 1873. The Society. 



IBeports, Observations, &c. 

Calcutta: — Geological Survey of India. Memoirs. Vol. X. Parti. 
8vo. 1873. Paheontologia Indica. Cretaceous Fauna of Southern 
India. Vol. IV. 3, 4. Jurassic Fauna of Kutch. Vol. I. 1. 4to. 
1873. Eecords. Vol. VI. Part 1-4. 8vo. 1873. The Survey. 

Copenhagen : — ^Universitet. TJndersogelser over de Nebulose Stjemer 
i Henseende til deres spektralanalytiske Egenskaber, af H. d' Ar- 
rest. 4to. ^henhavn 1872. The University. 

Japan : — Second Annual Beport of the Director of the Imperial Mint, 
Osaka, Japan, for the year ending 31st July, 1873. 8vo. ffiogo 
1873. The Director. 

Konigsberg : — Eonigliche XJniversitats-Stemwarte. Astronomische 
Beobachtungen, herausgegeben von £. Luther. Abtheilung 
XXXVI. folio. Koniffsberg 1870. The Observatory. 
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Beports, Obseryations, Ac. (continued). 

Utrecht : — Phjsiologisch Laboratorium der Utrechtsche Hoogeschool. 

Onderzoekingen. Derde Eeeks, I. 8vo. 1872. The High School. 

Nederlandsch Gksthuis voor Ooglijders. Dertiende Jaarlijksch 

Verslag, door P. C. Bonders. 8vo. Utrecht 1872. The Hospital. 

Yienna : — ^K. k. Stemwarte. Annalen, vori C. von Littrow. Dritter 

Folge. Band XX. Jahrg. 1870. 8yo. Wien 1873. 

The Observatory. 
Washington : — U.S. Naval Observatory. Astronomical and Meteoro- 
logical Observations made during the year 1871. 4to. 1873. 

The Observatory. 



Borchardt (0. W.) XJeber Deformationen elastischer isotroper Korper 

durch mechanische an ihrer Oberflache wirkende Krafte. 8vo. 

Berlin 1873. The Author. 

Henwood (W. J.), F.E.S. Observations on the Detrital Tin-ore of 

Cornwall. 8vo. Truro 1873. The Author. 

Hjelt (O. E. A.) Gediichtnissrede auf Alexander von Nordmann. 8vo. 

HeUingfors 1868. The Author. 

Major (E.'H.) The Life of Prince Henry of Portugal, sumamed the 

Navigator, and its results. 8vo. London 1868. The Author. 

Siljestrom (P. A.) Om Ghwemas Elasticitet. 8vo. StocTcholm 1873. 

The Author. 



-MiirJi 12, 1874. 
Transactions. 
Annaberg: — Annaberg-Buchhoker Verein. Driti^er Jahresbericht. 

8vo. Annaberg 1873. The Union. 

Dublin : — ^Boyal Geological Society of Ireland. Journal. Vol. XII. 

Part 3; Vol. XTTT. Part 1, 2. 8vo. 1871-72. The Society. 

Gottingen : — Konigliche Gesellschaft der Wissenschaften. Abhand- 

lungen. BandXVin. vom Jahre 1873. 4to. 1873. Nachrichten 

aus dem Jahre 1873. 12mo. The Society. 

London : — ^Boyal Astronomical Society. Monthly Notices. Vol. XXIX. 

No. 4; Vol. XXXIV. No. 4. 8vo. 1869-74. The Sociehy. 

Louvain : — ^I'Universite Catholique. Theses (T. Boccanera, F. A. 

Ghaslain, A. Dassonville, H. J. L. Hermes, F. S. Hill, IL J. 

Ketelbant, A. Miiller, J. A. Eeynen, C. Szechenyi, A. Thiemesse, 

L. Verhaegen, D. de Vivero, J. van Voorst, F. de Week). 8vo. 

1873-74. Theses 380, 381, 383-387, 389-392. 8vo. 1873. An- 

nuaire. Annee 38. 12mo. Bevue Catholique. Nouvelle S^rie. 

Tome IX., X. 8vo. 1873. Les Bourses d'Etude de FEtat. 8vo. 

VOL. XXII. X 
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Transactions (continued), 

BnueelUs 1849. Petition par P. F. X. de Bam. 8vo. 1849. 

Choix de Memoires de la Sodete Litt^raire, Tome 11,, III., VIII., 

IX. 8to. Louvain 1842-63. The University. 

Mauritius : — Meteorological Society. Monthly Notices. Dec. 5, 1872 ; 

Jan., Feb., July 1878. folio. Meteorological Observations in 

1872. folio. The Society. 

Munich : — ^K. B. Akademie der Wissenschaften. Sitzungsberichte. 

Math.-phys. Classe, 1873. Heft 2; Philos.-philol. und Hist. 

Classe, 1873. Heft 4, 5. 8vo. Munchen. The Academy. 



Beports, &c. 

Dehra Doon : — Great Trigonometrical Survey of India. General 

Eeport on the Operations during 1872-73, by Colonel J. T. 

Walker, E.E.,F.E.8. foHo. 1873. The Survey. 

London : — Census of England and Wales for the year 1871. Ages Ac. 

Vol. III. General Beport. Vol. IV. foUo. 1873. 

The Begistrar-General. 
Vienna : — K. k. Geologische Beichsanstalt. Abhandlungen. Band V. 
Heft Nr. 6. 4to. Wien 1873. Jahrbuch. Band XXIH. Nr. 4. 
Verhandlungen, 1873. Nr. 14-18. roy. 8vo. 1873. 

The Institution. 



Carpenter (Dr. W. B.), P.E.S. Principles of Mental Physiology. 8vo. 

London 1874. The Author. 

Clarke (Hyde) On the Influence of Geological Beasoning on other 

branches of Knowledge. 8vo. London, The Author. 

M*Co8h (Dr. J.) Advice to OjBScers in India. 8vo. London 1856. 

Nuova Italia, a Poem in ten Cantos. 12mo. London 1872. 

The Author. 
Pellarin (C.) Le Cholera, comment il se propage et comment Teviter. 

8vo. Paris 1873. The Author. 

Plateau (J.), For. Mem. B.S. Statique exp^rimentale et th^orique des 

Liquides soumis aux seules forces mol^culaires. 2 vols. 8vo. Oand 

1873. The Author. 

Schorlemmer (C), F.B.S. A Manual of the Chemistry of the Carbon 

Compounds, or Organic Chemistry. 8vo. London 1873. 

The Author. 
Todd (C.) South Australia. Telegraphic Communication with Western 

Aus:tnilin. folio. Adelaide 1873. The Author. 
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March 19, 1874. 
TranBactions. 
Apt : — Soei^t^ Litt^rdre, Scientifique et Artistique. M^moires. Nou- 
veUe S^rie f aisant suite am Annales. Tome I. No. 1 . 8yo. 1874. 

The Society. 

Lausanne : — Soci^t^ Yaudoise des Sdenoes Naturelles. Bulletin. 

2* S^rie. Vol. Xn. No. 71. 8yo. 1874. The Society. 

London : — Linnean Society. Journal. Zoology. Vol. XU. No. 57. 

Botany. Vol. XIV. No. 74. 8vo. 1873-74. Proceedings, 1873- 

74 (Nov. 1873-M:arch 1874). 8to. The Society. 

Meteorological Society. Quarterly Journal. New Series. No. 7, 8, 9. 

8vo. 1873-74. The Society. 

Eoyal Listitution. Proceedings. Vol. VII. Part 2 (No. 59). 8vo. 

1874. The Listitution. 

Wiirzburg : — Physikalisch-medicinische Gesellschaft. Verhandlungen. 

Neue Folge. Band V. Heft 4. 8vo. 1874. The Society. 



Observations &c. 

Cambridge, U.S. : — Museum of Comparative Zoology at Harvard Col- 
lege. Illustrated Catalogue, No. 7. Bevision of the Echini, 
by A. Agassiz. Part 3. 4to. 1873. The Museum. 

Kiel : — Stemwarte. Astronomische Nachrichten begriindet von H. 
C. Schumacher, herausgegeben von C. A. F. Peters. Band 
LXXV.-LXXXn. 4to. AUona and Kiel 1870-73. Bestimmung 
des Langenunterschiedes zwischen den Stemwarten von Altona 
und Kiel. 4to. 1873. The Observatory. 

Munich: — Catalogus Codicum Latinorum BibliothecaB BegisB Mona- 
censis. Tomil. Pars 3 ; Tomi 11. Pars 1. 8vo. ifonoc^u 1873-74. 

The Library. 

Sydney: — Eesults of Meteorological Observations made in New South 
Wales during 1872, under the direction of H. C. Eussell. 8vo. 
1873. The Government Astronomer. 



Froude ("W*.), F.R.S. Beport to the Lords Commissioners of the Admiralty 
on Experiments for the determination of the Besistance of a full-sized 
Ship at various speeds, by trials with H.M.S. * Greyhound.' 8vo. 
Lwidon 1S74. The Admiralty. 

Plantamour (E.) Observations faites dans les Stations Astronomiques 
Suisses. 4to. Geneve 1873. E^sum^ M^tcorologique de TAnn^e 
1872, pour Geneve et le Grand Saint-Bernard. 8vo. Otnive 1873. 

The Author. 
X 2 
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Preudhomme de Borre (A.) T a-t-il des Faunes Naturelles distinctes h la 
surface du Globe? 8vo. BntxeUes 1873. The Author. 

Sclater (P. L.), F.E.S., and O. Salvin, F.E.S. Nomenclator Avium Neo- 
tropicalium. folio. Londini 1873. The Authors. 

Secchi(A.), For.Mem.E.S. Note Spettroseopiche sul Sole e gli altri 
corpi celesti. 8vo. Boma 1872. Sulla Distribuzione delle Protu- 
beranze intomo al Disco Solare. 7-11 Cbnununicaaoni. 4to. B^nna 
1872-74. The Author. 

Walker (G. E.) The Eational Treatment of Horses and our other 
Domestic Animals. 8yo. London 1873. 



March 26, 1874. 
Transactions. 
Adelaide: — South-Australian Institute. Annual Eeport, 1872-73. 
4to. 1873. The Institute. 

Calcutta: — Asiatic Society of Bengal. Journal, 1873. Part 1. No. 3. 
8vo. Proceedings, Nov. 1873. No. 9. 8vo. The Society. 

Liverpool : — Historic Society of Lancashire and Cheshire. Transac- 
tions. New Series. Vol. XIII. 8vo. 1873. The Society. 
London : — National Association for the Promotion of Social Science. 
Transactions, Norwich Meeting, 1873. 8vo. 1874. 

The Association. 

Victoria Institute. Journal of the Transactions. Vol. VII. No. 27. 

On the Geometrical Isomorphism of Crystals, by the Eev. W. 

Mitchell. 8vo. 1874. The Institution. 

Modena : — Societli dei Naturalisti. Anuario. Serie II. Anno 8. fasc. 1 . 

8vo. 1874. ^ The Society. 

Prague : — Spolek Chemikuv Ceskych (Bohemian Chemical Society). 

Zpr^vy (Transactions). Sesit 4. Bocnik II. Sesit 1. 8vo. Praze 

8vo. 1873-74. * The Society. 



(^asselberry (E.) A Discovery in the Science of Electricity. 8vo. St. Louis 

1873. The Author. 

Clausius (E.) Ueber einen neuen mechanischen Satz in Bezug auf 

stationftre Bewegungen. 8vo. Bonn 1873. The Author. 

Cooke (J. P.) The Venniculites : their Crystallographic and Chemical 

Eelations to Micas. 8vo. 1873. The Author. 

Correnti (C.) Presidente della Sodetii Geografica. Discorso. 8vo. Ponia 

1873. ' The Author. 

Guppy (E. J. L.) Third Series of Additions* to the Catalogue of the 

Land and Freshwater Mollusca of Trinidad. 8vo. 1872. 

The Author. 
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Homstein (C.) Ueber die Abhangigkeit der taglichen Variation des 
Barometerstandes von der Eotation der Sonne. 8vo. Wien 1873. 

The Author. 

Houk (Mrs. G. W.) Diminution of Water on the Earth, and its per- 
manent conversion into solid forms. 8yo. Drayton^ Ohio 1873. 

-The Author. 

Klein (E.) The Anatomy of the Lymphatic System. I. Serous Mem- 
branes. 8vo. London 1873. The Author. 

Salmon (Dr. G.), FJR.S. A Treatise on the Analytic Geometry of 
Three Dimensions. Third Edition. 8vo. Dvhlin 1874. 

The Author. 

Willson (W. G.) The Cyclone in the Bay of Bengal in June 1872. 8vo. 
CaUnUta 1872. The Author. 

Les Eaux Thermales de Tile de San-Miguel (Azores), Portugal. 8vo. 
Lisbonne 1873. • Comte Da Praia Da Victoria. 



'' On the Nervous System of Actinia/^ — Part I. By Professor 
P. Martin Duncan, M.B. Lond., F.R.S., &c. Received 
October 9, 1873. 

I, A Notice of the Investigations of Homard, Haime, ScJineider and 
Botteken, and others on the subject, 

MM. Milne-Edwards and Jules Haime* wrote as follows in 1857 
concerning the nervous attributes of the group of Coelenterata called 
Zoantharia : — " They (les Coralliaires) enjoy a highly developed sensibi- 
lity ; not only do they contract forcibly upon the slightest touch, but they 
are, moreover, not insensible to the influence of light. Nevertheless, neither 
a nervous system nor organs of special sense have been discovered in them. 
It is true that Spix described and figured ganglions and nervous cords 
in the pedal disk of Actinias ; but the observations of this naturalist, so far 
as the polypes are concerned, are not entitled to the least confidence. 

" Some naturalists have supposed that the ' bourses calicinales ' of the 
Actinifi0 are eyes, and M. Huschke believes that certain capsules in the 
trunk of Veretilla, which contain calcareous bodies, are the organs of 
hearing. But these hypotheses do not rest upon any proved facts.** 

* Hist. Nat des CoralliaireB, toI. i. p. 11. 
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In 1864 Huxley noticed that, with regard to the CcBlenterata, *' a ner- 
vous system has at present been dearly made out only in the Cteno- 
phora"*. 

Homard t, an admirable obsenrer, contributed to the histology of the 
Actinozoa in 1851. He corrected Erdl's mistake concerning the sup- 
posed striation of the muscular fibnllas of the tentacles, and also Quatro- 
fage and Leuckarfs notion concerning the rupture of the tentacuhur ends 
previously to the passage of water from them. Giving very good illus- 
trations, he proved himself to be a very reliable investigator. 

Amongst other parts of the Actinozoa, he paid especial attention to the 
minute anatomy of the " bourses caUcinales." These bead-like appendages, 
situated just without the tentacles in some genera, but not in all, are 
abo called chromatophores and " bourses marginales ; " and their beautiful 
turquoise colour had rendered them attractive to previous anatomists, 
who had, as has already been noticed, guessed concerning their function. 

Homard determined that they were folded elements of the skin in 
which the capsules (nematocysts) were enormously developed. He 
stated that the thread of these gigantic nmnatocysts was seen with diffi- 
culty. He noticed the transparency of some large cells in the bourses, 
and stated that, in his opinion, there was '* some physiological relation be- 
tween these little organs and the light." 

Jules Haime (probably in 1855) examined the minute anatomy of 
Actinia mesembryanthemum, and his colleague, Milne-Edwards, quotes 
him in the ' Hist. Nat. des Coralliaires,' voL i. p. 240. The lamented 
young naturalist found out that the chromatophores bore, so far as their 
number is concerned, a decided numerical relation with the number of 
the tentacles. He decided that they contained but few muscular fibres, 
and had navicular-shaped nematocysts, " diversement contoum^s," with 
indistinct threads within them. However, he recognized large trans- 
parent cells and pigmentary granules in them. The nematocysts of the 
chromatophores are larger than those of the tentacles. He was evi- 
dently not satisfied with the data upon which these coloured masses were 
decided to be of importance as organs of special sense. In all probability 
Haime was aware of Homard's work. 

Kolliker and the German histologists added about this time, and later, 
to the exact knowledge respecting the histology of the muscles, skin, 
endothelium, and tentacular apparatus, but no advance was made to- 
wards the discovery of a nervous system in the Actinia for many 
years. 

In 1871 the popular idea of the extent of the nervous system in 

* Huilejr, * Elements of Comparatire Anatomy/ p. 82, See Dr. Grant, F.R.S. Ac., 
on Beroe pileus, Zool. Trans. toI. i. p. 10. See also 'A Manual of the Subkingdom 
CoBlenterata,* by J. B. Greene, 1861, p. 165. 

t *'Sur lee Actiniae," Ann. des Sciences Nat. 1861. 

X Sea-side Studies, Eliz. and A. Agassiz, 187 1| p. 12. 
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Actinia was expressed bj Alex. Agassis j:, who wrote : — " Notwithstanding 
its extraordinary sensitiveness, the organs of the senses in the Actinia 
are yerj inferior, consisting only of a few pigment-cells accumulated at 
the base of the tentacles." 

But in this year a great advance was made towards discovery by 
Profs. A. Schneider and Eotteken*. The first-named naturalist paid 
especial attention to the development of the lamellce and septa in Corals 
and Actiniie, and his colleague laboured in the histology of Actinia 
especially. 

Working at a very great disadvantage, with specimens which had been 
preserved in alcohol, Botteken produced a series of researches which 
added greatly to the knowledge already granted to science by Homard and 
Haime. So far as they bear on the nervous system, the residt of his re- 
searches may be stated as follows : — " The bourses marginales '* (chroma- 
tophores) are undoubtedly organs of sense, and, indeed, compound eyes. 
They are pyriform diverticula of the body-wall, standing between the 
tentacles and the outer margin of the peristome ; they are constructed 
after the fashion of a retina, and the following layers of structure maybe 
distmguished in them : — 1, externally a cuUcular layer broken up into 
"bacilli" by numerous pore-canals; 2, a layer of strongly refractile 
spherules, which may be regarded as lenses ; 3, cones — ^hollow, strongly 
refractile, transversely striated cylinders or prisms rounded at the ends ; 
these have hitherto been confounded with urticating capsules (nemato- 
cysts) : at the exterior end of each cone there is generally one lens, and 
sometimes two or three may stand in the interspaces ; 4, a granular 
fibrous layer occupying the interspaces between the cones ; 5, a layer 
which is deeply stained by carmine, and contains numerous extremely fine 
fibres and spindle-shaped cells, probably nerve-fibres and cells ; 6, the 
muscular layer ; 7, the endothelium, which bounds the perigastric cavity. 

Actinia mesembryanthemum was the species examined, and the diagram 
(PI. n. fig. 15) will explain the relative position of the layers. 

Botteken could not determine the position of the pigment of the 
ehromatophores from the alcoholized specimens. An examination of the 
minute anatomy of the tentacles of Actinia ctreus^ Ellis and Solander, 
determined that the refractile spherules and large cones were to be found 
on the tips of these organs. 

Danat, in his popular work on Corals and Coral Islands, appears to 
accept the statements quoted above. He states that " they sometimes 
possess rudimentary eyes ;" and elsewhere, " they have crystalline lenses 
and a short optic nerve." He then observes : — " Yet Actinite are not 

* SitKungsbericht der OberhessiBchen Gesellsohail fur Natur- und Heilkunde, March 
1871 (On the Structure of Actinife and Corals). Translated for the Ann. and Mag. of 
Nat. Hist. 1871, vii. p. 437, by W. 8. Dallas, F.L.S. Ac. 

t Corals and Coral Islands, by James D. Dana, LL.D., 1872, pp. 41, 39. 
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known to have a proper nervous system ; their optic nerves, where they 
exist, are apparently isolated, and not connected with a nervous ring 
such as exists in the higher Badiate animals." 

n. A Description of the Morphology of the Chromaiophores. 

During the summer of 1871 the author of this communication was 
examining into the minute anatomy of Actinia mesembryanthemum, and 
had the advantage of possessing living specimens. Having satisfied 
himself of the general correctness of Rotteken's admirable work, he 
relinquished the inquiry until 1873, when he resumed it. 

Every one who has endeavoured to anatomize one of the Actiniie must 
acknowledge the excessive difficulties which accompany the attempt. 
The irritability of the muscular tissues, their persistent contraction during 
mianipulation, the confusion caused by the abundance of different cellular 
histological elements, and the general sliminess of the whole, render the 
minute examination very troublesome and usually very unsatis&ctory. 
Eeagents are useful for rough examinations ; but when the most delicate 
of the tissues are to be examined they must be floated under sea-water, 
and this must be the medium in which they must be examined under the 
microscope. Carmine-solution, osmic acid, and spirits of wine in weak 
solutions are useful after the natural appearances have been determined, 
but they exaggerate some histological elements and destroy others. 

Great care must be taken in making the thin sections, and no tearing 
must be allowed ; for it is of paramount importance, in endeavouring to 
trace the nervous system, that the relative position of parts should be 
retained. 

It is useless to rely on any observations made with object-glasses 
lower than -ji^inch focus (immersive). 

In examining the chromatophores, ActinisD with very bright-coloured 
ones, and other specimens with these organs dull in tint, should be 
selected. Fresh subjects should be obtained, an4 it is not necessary to 
kill them first of all. The blades of very delicate scissors should be 
allowed to touch the desired chromatophore close to its base, and then as 
the Actinia commences to contract, they should be brought together 
gently and without wrenching the tissues. By this method the chroma- 
tophore will remain on the blades. Two or three chromatophores may 
be removed, with their intermediate tissues, without injury to the animal ; 
but, of course, the excision must not be too deep, or the endothelium will 
be cut into. 

A dropping-tube should be used to wash the chromatophore off the 
blades on to a glass slide, where a drop of sea-water awaits it. 

Sections are by no means easy to make, but they are best performed 
imder a power of 10 diameters with fine scalpels. The forceps must not be 
employed, as it crushes the tissues. If possible, very slight pressure 
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should be exercised on the thin glass, which is to be placed very carefully 
and wet over the object. After the examination, carmine should be 
added, or osmic-acid solution, 1 per cent, in strength ; but no results 
can be relied on which are derived from the examination under the 
influence of reagents alone, as they modify the natural appearance 
greatly. 

So far as the chromatophores are concerned, my investigations took the 
following course: — 1. Eotteken's researches on the alcoholized .^tnia 
were followed in recent specimens. 2. The tissues of the chromato* 
phores, of their margins, and of the spaces between them were examined 
in a large specimen of a living pale-green variety of Actinia mesembryan- 
ihemum from the Mediteranean. 3. The tissues of the chromatophores 
of the Actinia mesemhryantJiemum were again examined with a view to 
explain the difEerences between M. Botteken's and my own results. 

The rounded, free, coloured, external layer of a chromatophore was 
carefully disengaged from the granular tissue beneath it, so that the 
bacilli of Botteken, the refractile corpuscles, and his so-called cones 
were separated from the rest. This turquoise-coloured film was floated 
and carefully placed on a glass slide, the bacillary layer being inferior 
and on the glass, whilst the proximal ends of the cones were free in the 
water. No thin glass was placed over the film, and an object-glass of 
|-inch focus was used. The appearance presented under this low power 
(by transmitted light) was very remarkable, for a great number of bril- 
liant points of light were seen surrounded and separated by dark opaque 
tissue. When a |-inch object-glass was used, the appearance was less 
striking, for the points of light were more diffused. No trace of an 
object could be seen through the refractile tissues. 

The transparent and refractile tissues were the so-called bacilli, the 
globular bodies and the '* cones'' already noticed ; and the tissue, which 
was impermeable by light, consisted of the colouring-matter in small dull 
granules, cells small and round in outline and granular, and also the cell- 
walls of the cones. 

Sections through a chromatophore were made at right angles to the 
point of the greatest convexity of the surface, and thin slices were floated 
o£E carefully from the line of section on to glass slides. The slices in- 
cluded (a) the coloured outside of the chromatophore, (b) the tissue 
beneath it, and (c) some muscular fibres which limit the endothelium. 
Sea-water was used as the medium, and a thin glass cover was applied after 
the specimens had been examined with a low power. 

Externally was the baccillary layer (PI. II. fig. 15). Botteken de- 
scribes this as a cuticular layer broken up into bacilli by numerous pore- 
canals. Examined, however, in the fresh subject, this external layer con- 
sisted of a vast multitude of small rod-shaped bodies, sharply rounded but 
conical at both ends, very transparent, and resembling the smallest 
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nematocjsts of the tentacles without the internal thread (PI. 11. fig. 2). 
These are placed side by side, and the external rounded end of each is 
separated by a small space from the terminations of its neighbours. 
These ends are free and are in contact with the water in which the 
Actinia lives. The rods are cylinders, and are separated from each 
other by a very delicate film of protoplasm, in which are numerous 
dark opaque granules and a few flat simple colourless rounded cells 
(PL U. ^g. 3). The inner ends are shaped like the external, and 
are embedded in the next layer of tissue. Each of these bodies is 
a simple cell filled with a transparent fluid. When a thin film 
of the sur&ce of a chromatophore is removed and examined under a 
^-inch, the bacilli may be observed to crowd together over a layer of 
large refractile cells. The thin glass cover is generally sufficient to crush 
down the bacilli, so that their sides may be seen as they rest in all kinds 
of positions on the deeper cellular layer (PI. 11. fig. 17). 

The bacilli are not found universally over the chromatophores, nor do 
they invariably cover the layer of large refractile globular cells. 

It will be noticed, on examining excised portions which include two or 
three chromatophores and their intermediate tissue, that not only are 
they marked on their surface by foldings of their superficial tissue, but 
that between them there are others which are microscopic. These last 
rarely have bacilli. Moreover, in some parts of the margins of the chro- 
matophores, other pigments are visible than the turquoise, and the red 
often predominates ; the bacilli are not usually present there. 

Beneath the superficial layer of bacilli and their separating protoplasm, 
which is faintly granular, there is some granular tissue with a few 
small spherical cells containing granules, and the inner ends of the bacilli 
are embedded therein (PI. II. ^, 3). 

This granular tissue is very thin, but it covers and dips down bet^^een 
the large refractile cells, which form the next layer (PI. U. figs. 4, 13, 
15, 16, 17). 

These cells are more or less spherical ; the cell-wall is very thin, and 
the contents are transparent, colourless, and refractile. Some have a 
pale grey tint, and one or more extremely faint nuclei are attached to the 
inner surface of the cell-wall. The ovoid shape is occasionally seen. 

These large cells, which transmit light so readily, are universally found 
on the chromatophores; and when there are bacilli upon them, the spherical 
shape is common. 

At the margins of the chromatophores, and where the red pigment 
commences, these refractile cells assume much larger dimensions and more 
irregular shapes. These refractile cells are, as has already been noticed, 
embedded in a tissue of granular and slightly cellular protoplasm, and 
this occasionally is differentiated into some peculiar structures. 

Where there are no bacilli this granular tissue is increased in thickness 
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and becomes superficial ; moreover the granules then contribute to the 
colour of the chromatophore, and probably they always do so to a certain 
degree. 

The refractile cells are not inyariably confined to the layer aboye the 
so-called cones of Botteken, although they are often thus limited in their 
position, especially if there are bacilli covering them. In parts of the 
same chromatophore, where this apparently normal an*angement is seen, 
and especially on the microscopic chromatophores between the larger 
kinds, the large refractile spherules are found between and in the midst 
of groups of the cones (PI. 11. fig. 16). 

In the chromatophores there is considerable variety in the size of the 
re&actile cells ; they appear to be developed from the small cells with 
a circular outline, which contain a few dark granules, and which are 
found in considerable abundance amidst the enveloping granular tissue 

(PI. n. ^g. 8). 

The most striking of all the histological elements of the chromato- 
phores are the cones of Hot token, or the nematocysts with imperfectly 
visible threads of Homard. They are divisible into three series : — 

o. Elongated simple cells, cylindrical in shape, with rounded and 
somewhat pointed extremities, consisting of a tough cell-wall which is 
capable of being bent without being broken or ruptured, and of colour- 
less transparent contents which are rather viscid (PI. 11. fig. 5). They 
are four or five times the length of the bacilli, and three times their 
width. The cell-wail is faintly tinted with the peculiar colour of the 
chromatophore. These elongated cells are not conical, nor can they be 
really termed cones with any propriety ; when observed through their 
greatest length, or when the light traverses their long axis, the cell-wall 
appears dark and the centre very refractile. They exist in vast multitudes 
over most parts of the chromatophore, and also in the intermediate tissue 
and its microscopic chromatophores. 

/3. Cells of the same shape as " a," but the cell-wall is faintly striated, 
the appearance being very distinct under a power of 2000 diameters 
(PI. n. fig. 6). These cells are very numerous, and were noticed by 
Botteken ; they appear in the saqie position, and often amongst the cells 
with simple walls. 

y. Cells of the same shape and size as " a and /3,'' with a well-deve- 
loped thread within them, which usually has no barb (PI. U. ^g, 7). 

These cells are common where there are no bacilli, but they occur here 
and there in all parts of the chromatophore circle. 

In some rare instances the " Botteken bodies'* (for thus I would .name 
these remarkable cells) are closely approximated, side by side, without the 
intervention of any structure ; but, usually, there is a very thin layer of 
granular protoplasm, containing small cells, between them. 

As the bodies are cylindrical and more or less closely applied by their 
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sides, there is more space between them in some places than in others ; and 
it is in these spots, where the bodies cannot come in direct contact, that 
their intermediate structures are elongated and filiform (PL U. figs. 9- 
14). The filiform arrangement of the granulo-cellular protoplasm is often 
branched, and a set of elongated masses may unite above or below the 
bodies. The cells of this intermediate tissue are small and usually spheri- 
cal ; in one kind there is a large refractile nucleus, but in the commonest 
varieties the cells simply contain granules. It is necessary to study this 
tissue, because of its close agreement to what I presume to be the nerve- 
structure, in some, but not in the essential, points. This tissue is clearly 
continuous with that which has already been noticed as separating and 
bounding the larger refractile cells outside the Botteken bodies, and it is 
continued amongst the small closely set granular cells which underlie 
these interesting histological elements (PL 11. fig. 13). 

The intermediate tissue binds together the bacilli ; for it is continued 
upwards and between them, the large refractile cells (which I propose to 
term " Haimean bodies "), and the " Eotteken bodies," and it becomes lost 
in the cells upon which the proximal ends of these last rest. 

It contains the granular structures which give, in the mass, the colour 
to the chromatophore, and it is evident that the Haimean bodies are de- 
veloped from it. 

The proximal ends of the Eotteken bodies retain their sharp and 
rounded contour amidst the dense layers of small granular cells which 
everywhere underlie them. 

Those granular cells form a tissue through which light passes with 
difficulty under the microscope. They are regularly placed in series near 
the Botteken bodies ; but deeper they become less so, and then other 
anatomical elements may be observed between them and the muscular 
fibres upon which the whole chromatophore rests, and which in their 
turn limit externally the endothelium. 

III. A Notice of JRotteJcens discovery of Fusiform Cells mid of the different 
appearances of the Nervous Ekvients now first obsei'ved in the ^^Plexi^ 
form Tissue'^ 

Eotteken describes these nervous elements as extremely fine fibres and 
spindle-shaped cells, and asserts that they are probably nerve-fibres and 
cells. But he has not traced them in conjunction, nor have the fibres 
been seen of sufficient length to anastomose. 

I have found the fusiform bodies and their long ends — the fine fibres 
mentioned above. Moreover the connexion of these irregular-shaped 
cells has been determined in these investigations, and the anastomosis of 
their processes and their connexion vrith parts of a plexiform nenous 
tissue also. 

These structures are in the midst of a mass of viscous protoplasm, 
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granules, and granular cells, which merge gradually into the clos3 layers 
of granular cells under the Eotteken bodies, and they transgress here 
and there on those layers. 

The fusiform cells are numerous (PI. II. figs. 18-24), and may be di- 
vided into two kinds : — (a) Those with irregular shapes and short ter- 
minal processes, which are prolongations of the cell-wall and are rounded 
o£E. These cells contain either highly refractile nuclei, or several nuclei 
with granular nucleoli. The fusiform shape is not invariable, and in 
Plate n. fig. 20 a large cell twice the diameter of a Eotteken body 
is seen amidst the granular plasm. It has a tail-shaped prolongation and 
some highly refractile nuclei. 

/3. Those which are rounder in outline, and whose projections are long 
and continuous with those of others. The outlines of these cells are 
soft, and without definite and sharp margins, and the coloiur is a very 
pale blue-grey. They contain one or more very distinct nuclei. Our 
type, illustrated in Plate II. fig. 21, has its cells rather wider than 
a Botteken body, and they are connected by a process with sharply 
defined wells — ^the cell, with many nuclei, having a long caudal fibril of 
a pale grey colour and rather sharp marginal lines which had suffered 
disruption. 

A second type has large spherical or elliptical cells, which do not have 
processes passing out in opposite directions, but they are restricted to 
one part. Usually the cells have only one process, but sometimes two 
exist close together (fig. 22), 

These cells are granular within and have very indistinct nuclei ; the 
cell-wall is extremely delicate, and the whole is of a pale grey colour. 
The fibrils of these cells are particularly connected with the plexif orm 
tissue. In Plate II. fig. 22 there is a cell with two fibrils^-one is 
short, for it dips down and is foreshortened, and the other is very long ; it 
bifurcates, and one end joins a rounded mass of the plexus, and the other 
the rugged fibrillar part. 

In Plate II. fig. 24 a cell with one fibril is shown. The fibril swells 
slightly, and then passes down to join a transverse fibre belonging to the 
plexus. 

The plexif orm tissue is probably continuous around the Actinia beneath 
the chromatophores, for it is found between the circular band of mus- 
cular fibres and every chromatophore. It consists of an irregular main 
structure and of lateral prolongations, which either anastomose with the 
fibrils from the fusiform and more spherical cells, or are directly con- 
tinuous with the cells {^g, 23). 

The main structure resembles, in its indistinctness of outline and its 
pale grey colour and indefinite marginal arrangement, the fibre of the 
sjrmpathetic of mammals, but it is less coherent and smaller. The 
usual appearance (Plate II. fig. 23) is that of a grey film with definite 
branches, and the whole has few granules here and there and a very few 

Digitized byLjOOQlC 



272 Prof. P. M. Duncan on the 

nuclei. It is intimately associated with the surrounding cell-structures, 
but they may be separated by accident or compression. Here and 
there the structure enlarges and a ganglion-like cell is seen (Plato II. 
fig. 22). 

I have traced this structure almost across the whole field of the micro- 
scope in some sections. 

It appears that this portion of the nervous system of Actinia (namely, 
the fusiform and spherical cells with fibrils and the plexiform structure) 
is distinct histologically from the fibrillar and cellular structures amidst 
the Haimean and Bottoken bodies. These structures are connective and 
developing ; but it must be remembered that it is possible for both series 
to come in contact in the midst of the layers of granular ceUs which 
underlie the Botteken bodies. 

rV. Examiiuition into the Physiological Relation between the Chroma^ 
tophores, the NerveSy and Light, 

The question arises, Are these nerves of special sense ? MM. Schneider 
and Botteken answer that the small portion of the nervous arrangement 
they described, t. e, the fusiform bodies and their fibrils, are optic nerves. 
They are satisfied with the physical arrangement of the bacilli, Haimean 
and Botteken bodies, and the nature of the colouring-matter imitating 
that of an organ of vision. 

The discovery of the anastomosing fibrils and the plexiform arrangement 
favour this theory ; but there are reasons to be considered which throw 
much doubt on the views of the distinguished investigators. All Actinia 
have not chromatophores, and closely allied genera may or may not 
have them. Thus, amongst the Actinia with smooth tentacles, there is 
a group with non-retractile and another with retractile tentacles: 
amongst those with non-retractile arms are the genera Ammonia and 
Eumenides without chromatophores, and Comactis and Ceratactis with 
them; amongst the Actinia with retractile tentacles are Actinia with, 
and Paractis without, chromatophores. 

Amongst the tubercular division, the genus Phymactis has chromato- 
phores, but its close ally Cereus has them not. 

Whatever may be the value of this classification of the Actinia^ it is 
quite evident that to group together those with and without chromato- 
phores in separate divisions would be the reverse of producing a natural 
arrangement. It is therefore difiScult to believe that these ornaments, 
with something resembling an optical arrangement, can be the seat of 
special sensation. 

MM. Botteken and Schneider have observed the large refractile 
Haimean bodies in the tentacles, and, as will be noticed further on, 
I have found them of enormous size in the peristome. 

They are surrounded in those places, but not covered, with pigment- 
cells and granules, and are situated just beneath the nematocvst layer in 
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the tentacle, and beneath a corresponding layer, or one of bacilli, in the 
peristome. I have failed to recognisse any nervous elements in the 
tentacles save the fusiform bodies, and there are none in the peristome 
except these irregular cells. 

Again, the Haimean bodies are found in the chromatophores, in some 
places, amidst the Eotteken bodies, separating them. 

Nevertheless it is true that light falling on the surface of an Actinia 
will reach further into its structures where there are Haimean bodies, 
and further still if the Eotteken cells underlie them. Where there is 
no pigment intervening between the bodies when placed side by side, or 
between the Botteken cells, a diffused glare of light would impinge on 
the granulo-cellular layer below them, in which the nerves ramify and 
the nerve-cells ezist. But when the pigment-granules and cells exist, 
they break up the general illumination and confine it to a series of 
separate bright rays. Each of them is brighter than the corresponding 
space of diffused light ; and it would appear that the bacilli, the Haimean 
bodies, and the Botteken cells in combination, concentrate light. 

Two or three badlli are placed side by side and behind each other over a 
small Haimean refractile spherical cell, and perhaps twenty or more cover a 
large cell (PL 11. fig. 15). Usually a Haimean body is placed immediately 
over a Botteken body ; but, as Botteken has pointed out, this is not an 
invariable arrangement, for some cover the spaces between and over 
them. The refractibility of the fluid contents of the Haimean bodies 
and Botteken cells appears to be the same ; but the elongated form of the 
last-mentioned structures may act upon light as if their internal fluid 
were more viscid. 

In every instance there is a more or less opaque tissue between the 
proximal end of the Botteken body and the nerve-cells ; and, moreover, 
the delicate protoplasmic layer, which is slightly impervious to light, 
surrounds the Haimean bodies. 

In my opinion the Haimean bodies, wherever they exist, carry light 
more deeply into the tissues than the ordinary epithelial structures. 
This is also the case with the bacilli and Botteken bodies, even when they 
exist separately and with or without the Haimean bodies. There are 
three ordinary constituents of the skin, and through their individual gifts 
and structural peculiarity they place the Actinia in relation with light. 
When they are brought together in this primitive form of eye, they con- 
centrate and convey light with greater power, so as to enable it to act 
more generally on the nervous system — probably not to enable the 
distinction of objects, but to cause the light to stimulate a rudimentary 
nervous system to act in a reflex manner on the muscular system, which 
is highly developed. The Actinia^ therefore, may feel the light by means 
of the transparent histological elements when they are separate and 
constitute integral portions of the ectoderm ; but this sensation will be in* 
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tensified when the three kinds of cells are placed in such order as has 
been observed in the chromatophores. 

The evolution of an eye, which can distinguish outlines, shadows, and 
colours, probably took the path which is thus faintly indicated in the 
Actinia, which doubtless has an appreciation of the difference between 
light and darkness. 

V. On the Nerves of the hose of Actinia mesembryanthemum. 

A large specimen of a pale green variety from the Mediterranean was 
examined. 

The base being free and expanded, a rapid incision cut out a triangular 
piece comprehending the ectothelium, the muscular layers, and the 
mucous endothelium. The apex of the triangle reached the^ centre of 
the base of the Actinia, and the base of the triangle, which was covered, 
corresponded with the basal margin of the animal. 

Sections were made parallel with the original aspect of the base of 
the Actinia, and then some others at right angles. 

The histological elements were studied separately and compared, so 
that the following tissues could be distinguished readily : — 

1. A fibrous-looking tissue like ordinary white fibrous tissue with 
dark nuclei, to which the muscular fibres are attached and from which 
they originate. 

2. A dense layer of muscular fibres, or rather fibrils, which originates 
at right angles to the fibre of the fibrous tissue. Each fibril is refractile 
aud nucleated. Each is separate from its neighbours, and lies in the midst of 
granules and small cells which contain granules, all being highly refractile. 
In some places the fibrils are gathered together in masses, so as to leave 
areola between them. 

3. Large muscular fibres in contact laterally, so as to form a thin 
layer. Each fibre is long, broad, has several pale elongate nuclei and a 
distinct lateral dark line. There are no strisB. 

4. The elements of the endothelium and ectothelium, which, as they do 
not bear on the immediate subject, will be described in a future memoir. 

The object of the investigation being to discover some trace of a 
nervous system, which was presupposed to resemble somewhat the traces 
observed below the chromatophores, the necessity of becoming familiar 
\nth the fibrous and muscular tissues, so as to decide what was not 
muscle and fibre, is apparent. 

I have not found any isolated fusiform cells amongst the tissues of the 
base ; but under the endothelium, and also between the layers of muscular 
fibres, there are structures which I feel disposed to believe must belong 
to the nervous system. 1. They are in the position of nerves. 2. Their 
structure is not that of muscle or fibre. 3. Their structure resembles, 
in some instances, the plexiform tissues beneath the chromatophores. 
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The neryous structures are found to present three characteristic 
shapes: — 

1. A thin layer of muscukr fibrils of the small and separate (see 
2 above) kind, with well-defined dark nuclei in them, was examined. 
The whole was rerj transparent and well defined under the yi^-inch 
objective. 

Underlying this layer, and extending on either side beyond it, so as 
to appear in one of the meshes between groups of these fibrils, was a 
ramified pale grey tissue, which was less pervious to light than the mus- 
cular fibrils (PI. m. fig. 2b). Swollen in one part and faintly granular 
throughout, it had its margins very faintly visible. It was flat, and had 
a definite resemblance to the widest portion of the plexus already men- 
tioned. 

2. A large section of muscular tissue was examined. It consisted of 
one layer of large muscular fibres (see 3 above) in close lateral contact. 
Sunning obliquely over the layer was an irregular but continuous cord 
ramifying here and there, the branches breaking up into fibrils. In one 
part the cord was swollen (PI. III. figs. 26 & 27). A second ramification 
passed from the opposite end of the field of the microscope and broke up 
into ultimate fibrils, and in this structure there was a fusiform cell. 

Careful manipulation separated a portion of the upper cord from the 
muscular fibres, but a part of it evidently dropped down amongst them. 

3. A layer of muscular fibres of the same Idnd as those just mentioned 
was examined. It was marked, as usual, with the lateral dark lines and 
pale elongated nuclei. 

Three long and irregular fibres passed more or less obliquely over the 
muscular tissue (PI. III. figs. 28-30). They had distinct kteral or mar- 
ginal lines, were swollen out in several places, and their texture was faintly 
granular. 

I believe that these fibres were continuous with the fine ramifications 
of the plexiform arrangement just described. 

4. Above the muscidar layers, and under the folds of the endothelium, 
I found an inosculating series of ramifications arising from a common 
cord. It was situated upon the layer of muscular tissue, with small and 
separate long fibrils. 

The structure was faintly granular, pale grey in colour, with faint 
outlines, and was swollen in some places : it covered a considerable por- 
tion of the field of the microscope; and portions of it had a close resem- 
blance to the ramifying structure mentioned as having been observed 
below the muscular layer (PI. III. ^g. 31). 

The multiplication, if it be justifiable, of these structural elements in 
the other segments of the base which were not examined would give a 
fair notion of the plexiform arrangement of the basal nervous tissue. I 
presume that it consists of a reticulate structure beneath the endothelium, 
which sends large branches between the vacuities of the most delicate 
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moBCular layer, and which communicafces with a ramifying tiflsue in con- 
tact with the other muscular layers, and that this ends in long fibres 
which supply the wide fibres of this last-mentioned layer. 

The diffused nature of this nervous tissue is what might be anticipated 
would be found in animals possessing such general irritability of tissue, 
and probably its function is to assist in the reflex movements of the 
animal, and to produce expansion of the disk on the stimiilns of light. 

DBSCBIPnON OF THE PLATES. 
Plate II. 

Fig. 1, which is an outline of a chromatophore, with two smaSX ones cloee to it, is 
megnified 10 diameters ; all the rest are drawn from nature under the mag- 
nifying-power of a ^^-inch immersion lens and a medium eyepiece. 

Fig. 2. Bacilli. 

Fig. 3. G-ranular and cellular protoplasm between bacilli. 

Fig. 4. Large refraoiile cells. Haimean bodies. 

Fig. 5. Type a of a Sotteken body. 

Fig. 6. „ P „ „ „ 

Fig. 7. .) 7 ,) » „ with a thread. 

Fig. 8. G-ranular and ceUular tissue between the Haimean bodies. 

Fig. 9. Same kind of tissue in contact with a Botteken body. 

Fig. 10. Some cells with refractile nuclei in the tissue. 

Fig. 11. Portion of tissue from amongst the Botteken bodies. 

Fig. 14. The same, with a forked end. 

Fig. 12. Three portions of intermediate tissue ending in the layer of granular oeUs 
which underlies the Botteken bodies. 

Fig. 13. Haimean and Botteken bodies and the intermediate tissue in position. 

Fig. 15. A diagram, but Tery close to nature, of the relatire position of the histoLogioal 
elements of the chromatophores. 

Fig. 16. Haimean and Botteken bodies intermingled. 

Fig. 17. Haimean bodies surrounded by pigment-oells, and with bacilli flat upon them, 
owing to pressure. 

Figs. 18 k 19. Fusiform nerre-cells. 

Fig. 20. A nerye-cell. 

Fig. 21. Nerre-oells connected and with fibres. 

Fig. 22. A spherical nerre-cell with processes joining the plexus. 

Fig. 23. Bamifications of tlie pleziform cord. 

Fig. 24. Nerve-cell and fibres. 

Plate III. 

Fig. 25. Nenre in relation to the small muscular BbnlB of the base. 

Fig. 26. Nerre ramifying and supplying wide muscular fibre. 

Fig. 27. A loop of nerrous fibre. 

Fig. 28. Terminal ends of the plexus psssing over muscular fibre. 

Figs. 29 & 30. The same, more highly magnified. 

Fig. 31. The plexus under the endothelium. 
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Apnl 16, 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — 

I. '^ On the Pneumatic Action which accompanies the Articulation 
of Sounds by the Human Voice, as exhibited by a Recording 
Instrument." By W. H. Barlow, F.R.S., V.P.Inst.CE. 
Received February 23, 1874. 

All articulated sounds made by the human voice are accompanied by 
the expulsion of air from the mouth ; and in a series of articulated 
sounds the air is ejected in impulses which vary in quantity and pres- 
sure, and in the degree of suddenness with which they commence and 
terminate. 

It appeared to me that it would be interesting and probably useful, as 
tending to elucidate the process and effects of articulation, to construct 
an instrument which should record these pneumatic actions by diagrams, 
in a manner analogous to that in which the indicator-diagram of a steam- 
engine records the action of the engine. 

In considering a suitable form of recording instrument, the conditions 
to be met were : — first, that the pressures and quantities were very vari- 
able, some of them being extremely small ; and, secondly, that the im-^ 
pulses and changes of pressure f oUow each other occasionally with great 
rapidity. 

. It was therefore necessary that the moving parts should be very light, 
and that the movement and marking should be accomplished with as little 
friction as possible. 

The instrument I have constructed consists of a small speaking- 
trumpet about 4 inches long, having an ordinary mouthpiece connected 
to a tube | an inch in diameter, the other end of which is widened out 
so as to form an aperture of 2| inches diameter. 

This aperture is covered with a membrane of goldbeater's skin or thin 
gutta percha. 

A spring which carries the marker is made to press against the mem- 
brane with a slight initial pressure, to prevent as far as practicable the 
effects of jar and consequent vibratory action. 

A very light arm of aluminium is connected with the spring and holds 
the marker ; and a continuous strip of paper is made to pass under the 
marker in the same manner as that employed in telegraphy. 

The marker consists of a small fine sable brush placed in a light tube 
of glass 1^ of an inch in -diameter. The tube is rounded at the lower 
end, and pierced with a hole about ^^ of an inch in diameter. Through 
this hole the tip of the brush is made to project, and it is fed by colour 
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appears to depend on the force required in the last syllable, if more than 
one are consecutiyelj uttered, and is most developed in those syllables 
terminating with the consonants termed '* Explodents," whether with 
or without the silent vowel E after them. 
This effect is exhibited in fig. 1» 
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It will be obseryed that the diagrams of the separate words, although 
they become modified when grouped together, are more or less discern- 
ible in the lines continuously spoken ; and the similarity of sound at the 
termination of the first three lines, which constitutes the rhyme of the 
verse, is represented in the similarity of form, or in the character of the 
form, of the terminations of the diagrams of these three lines. 

The subject might be pursued much further by showing the diagrams 
of the same words spoken by different individuals, the outlines produced 
by the words and sentences of other languages, the effect produced by 
change of accent, &c. 

My object, however, has not been to pursue the subject into minute 
detail, but to. show that the articulation of the human voice is accom- 
panied by definite pneumatic actions, and that those actions, many of 
which are insensible to ordinary observation, are capable of being 
recorded. 



11. "Note on the Periodicity of Rainfall.'' By J. H. N. Hknnkssby, 
Esq., P.R.A.S. Communicated by Prof. G. G. Stokes, 
SecR.S. Received February 24, 1874. 

1. Interested in the inquiry proposed by Mr. Meldrum, as to whether 
rainfall varies with the sunnspot area, I examined the register kept at the 
office of the Superintendent of the Great Trigonometrical Survey of India, 
and am enabled, through the courtesy of Colonel J. T. Walker, R.B., to 
communicatee the results. These are probably not devoid of peculiar 
interest, from. the abnormal conditions presented by the stations of 
observation, which are far inland, and on, or adjoining, lofiy mountains, 
as appears from the following brief descriptions. 

2. Mussoorie station is on the southernmost range of the Himalaya 
Mountains, lat. N. 30° 28', long. E. 78^ 7', height 6500 feet; this range 
rises suddenly and forms the northern boundary of the.Dehra Doon (or 
Dehra valley), which is some 18 miles wide and 40 miles long, and 'is 
bounded to the south by the Sewalik range of hills, about 3500 feet high. 
Dehra station is 2200 feet high, 10 miles south 6f Mussoorie station, and 
in the Dehra falley. 

3. Owing to the absence of the observers in the winter months from 
Mussoorie station, the rain&U is not recorded there during that period ; 
this, however, is of little consequence to the inquiry in hand, for the total 
annual fall occurs almost entirely in June, July, and August. I 
accordingly give in Table I. the total fall at Mussoorie between 
May 1 and October 31 of each year ; and in order to make these totals 
comparable at the two stations, if desired, the fall for January, February, 
March, April, November, and December is excluded from the Dehra 
totals ; this quiantity excluded may be set down at some 6 inches, or only 
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some 7i per cent, of the annual &dl. Excepting five years at Dehra and 
two at Mussoorie, all the observations have been taken tinder mj own 
superintendence, so that 1 can youch for their accuracy. Bejecting 
dffoima] phioes as redundant, the rainfall is as follows (in inches) for 20 
years at Mussoorie and for 13 years at Dehra : — 

Table I, 



Sun-spot area*. 


Year 
(May 1 to 
Octal). 


Bainfid], in inches, at 


Mussoorie 


Behra 
station. 


Minimum ,,.., ^, 


1864 
1855 

1856 
1867 
1858 
1859 
1860 

1861 
1862 
1863 
1864 
1865 

1866 
1867 
1868 
1869 
1870 

1871 
1872 
1873 


101 
86 

93 

88 
85 
78 
66 

141 
94t 
93t 
82 
76 

81 
82 
61 
52 
80 

84 
83 
82 


103 
110 

77t 

72 

67 

75t 

70 

45 

65 

84 

114 
83 
63 


Pn ax 1 in urn •• •••...■•••a 


Minimum , , , t»t r - r - , - -tt r . . , r . . » » , , r 


Manmnm (7\ 





4. Adding to the fall in the epochal year (t. e. maximum or minimum) 
the fall for one preceding and one succeeding year, we shall get what 
may be termed ihre^ear sums ; similarly, by including two years on each 
side of the epochal year, we find Jw^ea/r twmA% : the results are as 

follows : — 

Table n. 





3-year sums, in inches. 


5-year sums, in inches. 


Mussoorie. 


Dehia. 


Mussoorie. 


Behra. 


1856. Min'in'^'n ... 


267 
285 
224 
247 


190 
281 


453 

464 
352 
381 


^i22 
409 


1860. Maximum 


1867. Minimum 


1871. Maximum 





. « Taken from a paper in 
Lookyer, Esq., F.JI.S., Ac. 



Natore,' 1872, December 12, page 100, by Norman 



t Site of rain-gauge shifted. 
X 'NatttM,' 1872, December 12. 
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Notwithstanding the exceptional localities of the stations, the above 
results are generally in keeping with the Meldrum theory : the Dehra 
observations for 1860 and prior years are unfortunately wanting ; but it 
will be seen in Table I. that heavy falls occurred in the two years suc- 
ceeding the epochal year 1860. 

5. It may, however, be questioned whether stations inland are ineligible 
to test the theory under notice. No doubt far more rain falls on certain 
parts of the globe than on others, and Mussoorie and Dehra are included 
in the former : but a large rainfall is in fact a recommendation, presenting 
as it does a large measure of the periodicity in question ; so that stations 
under this condition appear highly eligible unless the rainfall is subject 
to abnormal fluctuations, apart from the supposed influence of sun-spot 
area; indeed, were it practicable to measure the total rainfall on the 
whole globe, the total results would present the most effective argument 
for periodicity. Projecting the facts of Table I., ^^th the help of ordinates 
and absciss8d we obtain the appended diagram, where I am unable to 



introduce, in lieu of the year, numerical values of sun-spot areas from 
want of complete results, such as those obtained by Messrs. De La Bue, 
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Balfour Stewart, and Loewy. Eecognizing the sun as the governor of 
our system and the source of terrestrial heat and light, it appears certain 
that at least some of the circumstances attending our globe are directly 
or indirectly the results of solar conditions, of which we can read but too 
few, and interpret still fewer rightly. In the present instance we see 
that, as in other curves, a certain rainfall maximum may be less than 
minima not immediately preceding or succeeding ; and this alone suggests 
the desirability of comparison with actual magnitudes of sun-spot areas ; 
but the introduction of this more accurate test would doubtless prove a 
waste of time, unless the approximate relation at present under view can 
be maintained. 



JII. " Studies on Biogenesis/' By William Roberts^ M.D., 
Manchester. Communicated by Henry E. Boscoe^ F.B.S. 
Received March 3, 1874. 

(Abstract.) 

The object of the investigation is to inquire into the mode of origin of 
Bacteria and toruloid vegetations. The inquiry is divided into three 
sections. 

SECTloif I. On the sterilization by heat of organic liquids and mixtures. — 
When beef-tea or a decoction of turnip is boiled for a few minutes and 
afterwards preserved from extraneous contamination, it passes into a 
state of " permanent sterility." 

This state is characterized by loss of power to originate organisms with 
conservation of the power of nourishing and promotitig the growth of 
organisms. 

All organic liquids and mixtures seem capable of being brought to thi^ 
state by exposure to the heat of 212° F. ; but the length of time during 
which exposure to this heat is necessary to induce sterilization varies 
greatly according to the nature of the materials. Ordinary infusions 
and decoctions were sterilized by boiling for five or ten minutes ; but 
milk, chopped green vegetables in water, pieces of boiled egg in water, 
and other mixtures were not sterilized unless the heat was continued for 
twenty to forty minutes. Hay-infusion was sterilized, like other infu- 
sions, by boiling for a few minutes ; but when the infusion was rendered 
alkaline with ammonia or liquor potassas, it was not sterilize^-^xcept 
after an exposure to the heat of boiling water for more than ibn hour# 
Sometimes it germinated after two hours, and once after three hours of 
such exposure. 

There appeared to be two factors of equal importance in the induction 
of sterilization — ^namely, the degree of heat and the duration of its appli- 
cation. These two factors appeared to be mutually compensatory in such 
fashion that a longer exposure to a lower temperature was equivalent to 
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a shorter ezpoBure to a higher temperature. For example, speaking 
roughly, an exposure for an hour to a heat of 212° F. appeared to be 
equivalent to an exposure for fifteen minutes to a heat of 228° F. 

Sbchov n, Onliie capability of the normal tissues and juices to generate 
Bacteria and Torul» without extraneous infection, — ^The following sub- 
stances were examined :— egg-albumen, blood, urine, blister-serum, milk, 
grape, orange- and tomato-juice, turnip and potato. These substances 
were conveyed into previously prepared sterilized bulbs and tubes, which 
were hermetically sealed at one end and plugged with cotton-wool at the 
other end. When the several stops of the experiment were quickly and 
dexterously performed, the risks of extraneous contamination, although 
not altogether avoided, were reduced to small proportions. The bulbs 
and tubes thus charged were afterwards maintained at a temperature 
ranging from 60^ to 90° F., and were finally examined at periods varying 
from four to ten weeks. Out of 90 experimente performed in this way, 
67 preparations remained barren and 23 became fertile. When the ideal 
conditions of the experiiaient could be carried out in approximative per- 
fection, as with urine, blisterngerum, orange-, grape-, and tomato-juice 
(34 experimente), the preparations, all save one, remained barren ; but 
when the risks of extraneous infection were (from the mechanical dif- 
ficulties) obviously greater, as with blood, milk, turnip, and poteto, the 
proportion of fertile preparations was considerable, though even with 
l^ese (except in the case of milk) the barren preparations were in a large 
majority. 

The experimente seemed idearly to lead to the conclusion that the 
normal tissues of plante and animab were incapable of breeding Bacteria 
and Toruke except under the stimulus of extraneous infection. 

SBcnoir in. On the bearing of the facts adduced in the preceding sec- 
tions on ihe origin o/ Bacteria and ToruliB, and on the real explanation of 
some of the alleged eases of Abiogenesis. — Seeing that organic liquids and 
mixtures sterilised by heat, and the normal juices and tissues, continued 
permanently barren under the most &vourable conditions of air, moisture, 
warmth, and light, so long as they were preserved from extraneous con- 
tamination, and seeing that the admission of ordinary air or water into 
contact with them was invariably followed by germination, it was im- 
possible to avoid the conclusion that ordinary air and water contain, in 
addition to their proper elemente, multitudes of partides capable of pro- 
voking germination. The exact nature of these particles may be a 
matter of dispute, but the reality of their existence is not doubtful ; nor 
is it doubtful that the ordinary and common development of Ba^cteriasn^H 
Torulce is directly due to their agency. 

The greatest difficulty hitherto encountered to the general acceptance 
of the panspermic theory has been the appearance of Bacteria (without 
the possibility of fresh infection) in certain liquids- which have been 
exposed for a considerable time to a boiling heat. Only two explanations 
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of this fact seem possible— either germs preexisting in them have siu^t 
yived the heat, or the organisms have arisen in them abiogenically.' 
These alternatives were subjected to two series of test experiments. In 
the first series it was proved directly that there exist in ordinary air and 
water particles which preserve their germinal activity after being boiled, 
for five minutes in previously sterilized liquids. The second series of 
experiments showed th%t, in the extraordinary increase of resistance to. 
sterilization by heat exhibited by alkalized hay-infusion, the action of the 
alkali is to heighten the surviving power of preexisting germs, and not. 
to exalt the abiogenic aptitude of the iofusion itself. 

The issue of the whole inquiry has been to fully confirm the main 
propositions of the panspermic theory, and to establish the conclusion, 
that Bacteria and TotuUb, when they do not proceed from visible parents 
like themselves, originate from invisible germs floating in the surrounding 
aerial and aqueous media. 

Nevertheless the author is unable to withstand the impression that this 
general and common mode of origin is possibly supplemented, under 
rare conditions, by another and an abiogenic mode of origin. The facts 
on which this impression rests are comparatively few. They consist in 
certain instances of greatly retarded germination of BacUria in liquids 
which had been exposed to a boiling heat, and in two very remarkable 
instances of the growth of fungoid vegetations (not identical with those 
usuaUy developed after air infection) in plugged bulbs which had been 
boiled in a can of water. 

If it should be hereafter established that Bacteria and fungoid vege- 
tations do, under exceptional circumstances, arise abiogenically, this would 
not overturn the panspermic theory, it would merely limit the univer- 
sality of its application. 



April 23, 1874. 
JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Presents received w^re laid on the table, and thanks ordered for 
them. 
The following Papers were read : — 

I. '^ On some Points connected with the Circulation of the 
Blood, arriyed at from a study of the Sphygmograph-Trace.'' 
By A. H. Oabbod, B.A., Pellow of St. John's College, Cam- 
bridge ; Prosector to the Zoological Society. Commimicated 
by Prof. A. B. Gabeod, M.D., F.R.8. Received March 12, 

1874. 

(Abstract.) 

The author commences by giving a table containing a fresh series of 
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measurements of the ratio borne by the cardiosystole * to its component 
beat in the cardiograph-trace. These tend strongly to substantiate the 
law previously published by him, viz. that the length of the cardiosystole 
is constant for any given pulse-rate, and that it varies as the square root 
of the lengtbr of the pulse-beat only — ^being found from the equation 
xy^20ijxy where ^sthe pulse-rate, and ^»the ratio borne by the car- 
diosystole to the whole beat. 

A similar series of fresh measurements are given in proof of the law 
previously published by him, that in the sphygmograph-trace from the 
radial artery at the wrist the length of the sphygmosystole t is constant 
for any given pulse-rate, but varies as the cube root of the length of the 
pulse-beat — ^it being found from the equation ^'=47^/^, where ar= the 
pulse-rate, and y^ihe ratio borne by the sphygmosystole to the whole 
beat. 

By measurement of sphygmograph-tracings from the carotid in the neck 
and the posterior tibial artery at the ankle, it is then shown that the 
length of the sphygmosystole in those arteries is exactly the same 
as in the radial ; so that the above-stated law as to the length of the 
sphygmosystole in the latter a(pplies to them also, and must therefore 
apply equally to the pulse in the aorta. 

Such being the case, by comparing the equation for finding the length 
of the cardiosystole with that for finding the aortic sphygmosystole, the 
relation between the duration of the whole cardiac systolic act and the 
time during which the aortic valve remains open can be estimated with 
facility ; for by subtracting the shorter sphygmosystole from the longer 
cardiosystole, a remainder is obtained which can be nothing else than the 
expression of the time occupied by the ventricle at the commencement of 
its systole in elevating its internal pressure to that of the blood in the 
aorta, which must occur before the aortic valve can open up. This in- 
terval is named the *' syapasis.*' Its length is found to be constant for 
any given pulse-rate, but to decrease very rapidly with increase in 
rapidity of the heart's action, becoming nil when that reaches 170 a 
minute. An attempt is made to explain these phenomena. 

If the above considerations are correct, certain independently obtained 
measurements ought, on comparison, to correspond ; for by reference to 
one of the author's papers in the ' Proceedings of the Eoyal Society,' it is 
shown that the length of the there-termed second cardio-arterial interval 
(which may be called the second cardio-radial interval) can only represent 
the time taken by the second or dicrotic pulse-wave in travelling from 
the aortic valve to the wrist. This being so, there is every d priori 
reason in &vour of the earlier primary wave taking the same time in going 

* The cardiasygtole is the intenral between the commenoement of the systole and the 
closure of the aortic Talre in each cardiac rerolution. 

t The aphygmo^ttoU is the interval between the opening and closing of the aortic 
valre in each cardiac rcTolation. 
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the same distance — ^which can be expressed in other terms by saying that 
the length of the first cardio-radiol interval, from which that of the 
syspasis has been subtracted, ought to be exactly the same as that of the 
second cardio-radial interval. That such is the case is proved by the 
measurement of the lengths of these two intervals independently ; and 
it is found that in all cases they agree to three places of decimals^ which 
is great evidence in favour of the accuracy of the methods and arguments 
employed. 

The latter part of the paper is occupied with the description of, and the 
results obtained by, the employment of a double sphygmograph, by means 
of which simultaneous tracings are taken from two arteries at different 
distances from the heart. The arteries experimented on are the radial 
at the wrist and tl^e posterior tibial just behind the ankle, 29 and 52*5 
inches respectively from the aortic valves. From the resulting tracings, 
the time occupied by the pulse-wave in travelling the difference of 
distance (52-5—29=), 23-5 inches, is found and stated to be 0-0012 of a 
minute in a pulse of 75 a minute ; and it is shown that this varies very 
little with differences in pulse-rate, as might have been previously ex- 
pected; it is also proved that there is an appreciable acceleration of the 
movement of the pulse-wave as it gets further from the heart. 

By superposing the simultaneous trace from the wrist on that from 
the ankle, direct verification is obtained of the earlier proposition — that 
the sphygmosystole at the wrist and that at the ankle are of exactly similar 
duration. The peculiarities of the ankle-trace are also referred to. 



II. "Note on the Minute Anatomy of the Alimentary Canal/' 
By Herbert Watney, M.A. Cantab. Communicated by Dr. 
Sanderson^ F.R.S., Professor of Practical Physiology, Uni- 
versity College. Received March 10, 1874. 

The following results relating to the anatomy of the mucous membrane 
of the alimentary canal were obtained in the laboratory of the Brown In- 
stitution. The researches were carried out under the direction of Dr. 
Klein. 

1. Connective-tissue corpuscles am^ongst the epithelium, — In specimens 
hardened in chromic acid and alcohol and stained in hsDmatoxylin, 
structures are constantly seen among the columnar epithelium of 
the intestinal tract in many animals (as monkey, sheep, cat, dog, 
rat, rabbit) which belong to the connective tissue. These are : — 
(1) a delicate reticulum, which is continuous with that formed by the 
most superficial layer of connective-tissue corpuscles (the basement 
membrane) ; (2) round nucleated oeUs, exactly similar to those of the 
mucosa. 

vol. XXII, 2 A 
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This is the case at the pyloric end of the stomach, on the villi, oyer 
Pejer's patches, and in Lieberkiihn's glands. 

2. The lining endothelium of the lymph-vessels of the mucosa is in 
anatomical continuity with the reticulum of nucleated cells (connective- 
tissue stroma) ; so that it may be said the endothelial cells of the 
lymphatic vessel are only transformed connective-tissue corpuscles. 

3. Jn animals killed during the absorption of fat (cream) the fat can 
be seen in preparations stained by osmic acid as small black particles : — 
(1st) arranged in lines between or around the epithelial cells ; (2ndly) in 
the basement membrane ; (3rdly) as has been noticed by many previous 
observers, in the connective-tissue stroma of the villus, whence it can be 
traced into the lymph-vessel. This indicates that the fat is absorbed by 
the processes of the connective tissue which exist between the epithelial 
cells, and thence finds its way by the connective-tissue stroma to the 
lymph-vessel. 

4. The reticulum of nucleated cells of the mucosa forms a special 
sheath to the vessels and unstriped muscular tissue. 

In the villi the muscular bundles, having approached the apex, termi- 
nate, the connective tissue which forms their sheath being continuous 
with the corpuscles forming the basement membrane. 

In the mucosa of the colon of the rabbit the slender musde-bands 
divide into single muscle-fibres, on which the common sheath is con- 
tinued. This sheath becomes often connected with peculiar large, oval, 
nucleated cells lying dose under the epithelium. 

5. State of the mwous glands of the tongue in rest and secretion, — 
It has been found, in accordance with the researches of Professor von 
Ebner, of Graz, that there are two kinds of acinous glands in the tongue, 
which have been distinguished as serous and mucous — the former being 
always found in relation to the papillae vallat© and drcumvallatffl, the 
latter always at the root of the tongue and partially surrounding the 
former. 

In the course of the present inquiry it has been further found (in seo 
tions stained in hematoxylin and carmine, made from the hardened tongue 
of an animal which had been left for a few hours without food) that the two 
kinds of glands are coloured red and blue respectively ; but in sections 
of the tongue of an animal killed while feeding, both kinds of glands were 
stained red, while any mucus in the duct of the mucous glands was 
stained blue — showing that, in the state of inanition, the ceUs of the mucous 
glands contain mucus, while, during secretion, the cell-substance is 
affected by the staining fluids in a manner not unlike that in which ordi- 
nary cell-substance would be acted on. 
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III. ^'On the Rej&raction of Sound by the Atmosphere/' By Prof. 
Osborne Reynolds^ Owens College^ Manchester. Communi- 
cated by Prof. Stokes, Sec.R.S. Received March 18, 1874. 

(Abstract.) 

The principal object of this paper is to show that sound is refracted 
upwards by the atmosphere in direct proportion to the upward diminu- 
tion of the temperature, and hence to expkun several phenomena of soundi 
and particularly the results of Prof. Tyndall's recent observations off the 
South Poreland. 

The paper commences by describing the explanation of the effect of 
wind upon sounds viz. that this effect is due to the lifting of the 
sound from the ground, and not to its destruction, as is generally sup- 
posed. 

The lifting of the sound is shown to be due to ike different velocities 
with which the air moves at the ground and at an elevation above it. 
During a wind the air moves faster above than below, therefore sound 
moving against the wind moves faster below than above, the effect of which 
is to refract or turn the sound upwards ; so that the " rays ^ of sounds 
which would otherwise move horizontally along the ground, actually move 
upwards in circular or more nearly hyperbolic paths, and thus, if there 
is suf&dent distance, pass over the observer's head. This explanar 
tion was propounded by Prof. Stokes in 1867, but was discovered inde* 
pendently by the author. 

The paper then contains the description of experiments made with a 
view to establish this explanation, and from which it appears that : — 

1. The velocity of wind over grass differs by one haii at elevations of 
1 and 8 feet, and by somewhat less over snow. 

2. When there is no wind, sound proceeding over a rough sur&ce 
is destroyed at the surface, and is thus less intense below than above. 

3. That sounds proceeding against the wind are lifted up ok the ground, 
and hence the range is diminished at low elevations ; but that the 
sound is not destroyed, and may be heard from positions suficiently 
elevated with even greater distinctness than at the same distances with 
the wind. 

4. That sounds proceeding with the wind are brought down to the 
ground in such a manner as to counterbalance the effect of the rough sur- 
face (2) ; and hence, contrary to the experiments of Delaroche, the range 
at the ground is greater with the wind than at right angles to its direc- 
tion, or where there is no wind. 

On one occasion it was found that the sound could be heard 360 yards 
with the wind at all elevations, whereas it could be heard only 200 yards 
at right angles to the wind, standing up ; and, against the wind, it was lost 
at 80 yards at the ground, 70 yards standing up, and at 160 yards at an 
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elevation of 30 feet, although it could be heard distinctly at this latter 
point a few feet higher. 

As might be expected, the effect of raising the bell was to extend ita 
range to windward, to even a greater extent than was obtained by an 
equal eleyation of the observer. 

These results agree so well with what might be expected from the 
theory as to place its truth and completeness beyond question. 

It is thus argued that, since the wind raises the sound so that it cannot 
be heard at the ground, by causing it to move 6ister below than above, 
any other cause which produces such a difference in velocity will lift the 
sound in the same way ; and therefore that an upward diminution in the 
temperature of the air must produce this effect ; for every degree of tem- 
perature betr^'een 32® and 70° adds nearly one foot per second to the 
velocity of sound. Mr. Glaisher's balloon observations * show that when 
the sun is shining with a clear sky, the variation from the surface is 1^ 
for every hundred feet, and that with a cloudy sky 0°*5, or half what it 
is with a clear sky. Hence it is shown that " rays " of sound, otherwise 
horizontal, will be refracted upwards in the form of circles, the radii of. 
which are 110,000 feet with a dear sky, and 220,000 with a cloudy sky 
— that is to say, the refraction on bright hot days will be double what it 
is on dull days, and still more under exceptional circumstances, and com- 
paring day with night. 

It is then shown by calctdation that the greatest refraction (110,000 
radius) is sufficient to render sound, from a cliff 235 feet high, inaudible 
on the deck of a ship at 1| mile, except such sound as might reach the 
observer by divergence from the waves passing over his head ; whereas, 
when the refraction is least (220,000 radius), that is, when the sky is 
cloudy, the range would be extended to 2j miles, with a similar extension 
for the diverging waves, and under exceptional circumstances the exten- 
sion would be much greater. It is hence inferred that the phenomenon 
which Prof. Tyndall observed on the 3rd of July and other days (namely, 
that when the air was still and the sun was hot he could not hear guns 
and other sounds from the cliffs 235 feet high more than 2 miles, 
whereas when the sky clouded the range of the sounds was extended to 
3 miles, and, as evening approached, much further) was due, not to the 
stoppage or reflection of the sound by clouds of invisible vapour, as Prof. 
Tyndall has supposed, but to the sounds being lifted over his head by 
refraction in the manner described ; and that, had he been able to ascend 
30 feet up the mast, he might at any time have extended the range of the 
sounds by a quarter of a mile at least. 

* Brit Assoc. Report, 1862, p. 462. 
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AprU 30, 1874. 

Prof. ANDREW CROMBIE EAMSAY, LL.D., Vice-President, 

in the Chair. 

It was announced from the Chair that the President and Council had 
appointed Mr, Lockyer's Paper, " Researches in Spectrum- Analysis in 
connexion with the Spectrum of the Sun, No. III.," read Nov. 27 last, to- 
be the Bakerian Lecture ; and Dr. Ferrier's Paper, on " the Localization 
of Function in the Brain," read March 5 last, to be the Croonian Lecture 
for the present year. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read :-^ 

I. '' The Structure of the Mucous Membrane of the Uterus and 
its Periodical Changes.^* By John Williams, M.D. (Lond.), 
Assistant Obstetric Physician to University College Hos- 
pital. Communicated by Dr. Shabpey. Received March 21, 
1874. 

(Abstract.) 

The paper consists of observations made on the uteri of nine women 
who had died in different stages of the monthly period. 

In two of the uteri the menstrual flow had almost ceased, and the 
mucous membrane was wanting in the bodies of the organs. The 
muscular fibre-cells were more or less exposed in the cavit)', and the 
meshes formed by their bundles contained glands and groups of round 
cells. 

In one uterus menstruation had ceased three days before death, and 
the muscular fibres were not exposed in the cavity of the organ, but im- 
posed upon them was a layer of tissue composed of fusiform and round 
cells. This tissue contained glands. The muscular tissue near the 
internal orifice was devoid of glands, but nearer the fundus it contained 
numerous glands. 

In one uterus, in which the catamenial flow had ceased probably about 
a fortnight before death, the layer of superficial tissue was thicker thau 
in the last ; and near the internal orifice there was a marked and abrupt 
distinction between it and the subjacent muscular tissue. 

In one uterus the flow had ceased three weeks before death, and the 
superficial layer was still thicker ; and the distinction between it and the 
subjacent muscular layer was well marked, except at the fundus. The 
uterine glands were tubular, and arranged in some parts obHquely, in 
others perpendicularly to the surface. They^were hued by columnar 
ciliated epithelium. 



Digiti 



ized by Google 



298 Dr. H. Airy on Leaf-ArrangemenU [Apr. 30, 

In two uteri menstruatioii was imminent, but the flow had not begun. 
In these the mucous membrane of the body of the uterus was fully deve- 
loped, and had begun to undergo fatty degeneration. There was a 
marked distinction between it and the muscular tissue throughout the 
uterine cavity : it was highly congested. 

In one uterus the menstrual flow had taken place for one day, and in 
another for two or three days before death. In these there was extrava- 
sation of blood into the mucous membrane, and the latter had in part been 
disintegrated and removed. 

Menstruation appears essentially to consist, not in a .congestion or a 
species of erection, but in growth and rapid decay of the mucous mem- 
brane. The menstrual discharge consists chiefly of blood and of the 
d^ris of the mucous membrane of the body of the uterus. The source 
of the hsBmorrhage is the vessels of the body of the uterus. The mucous 
membrane having undergone fatty degeneration, blood becomes extrava- 
sated into its substance; then the membrane undergoes rapid disinte- 
gration, and is entirely carried away with the menstrual discharge. A 
new mucous membrane is then developed by proliferation of the'inner 
layer of the uterine wall, the muscular tissue producing fusiform cells, 
and the groups of round cells enclosed in the meshes of the muscular 
bundles producing the columnar epithelium of the glands. 



II. ^'On Leaf- Arrangement.^' By Hubert Aiey, M.A., M.D. 
Communicated by Charles Darwin^ F,B.S. Beceived 
March 23, 1874. 

(Abstract.) 

This paper is offered in correction and extension of the views con- 
tained in a previous paper by the same author, read 27th February, 
1873. 

ThB main facta of leaf-arrangement to be accounted for are : — 

(1) the division into verticillate and alternate leaf -order; 

(2) in the former, the equal division of the circumference of the stem 

by the leaves of each whorl, and the alternation, in isingular posi- 
tion, of successive whorls ; 

(3) in the latter, the arrangement of leaves in a spiral series round the 

stem, with uniform angular divergence between successive leaves, 
and the limitation of that angular divergence (represented as a 
fraction of the circumference) to certain fractional values (in most 
cases only approximate) which find place most commonly in the 
following convergent series (A) : — 

1 1 2 3 5 8 13 21 34 55 a.. ^av 

^ W F W iZ' 2V 5i* 55* 89' lii'^'' W 
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mQTO rarely in the following (B) ;— 

1 I 2 3 5 8 13 o /x^\ 

H ? f \V W W 47'*^" ^^> 

very rarely in the following (C) .•'- 

1 1 3 3 6 « . .^. 

? 5* 9 R* 25'*^" ^^^ 

besides a few isolated values, ^, ^, L &c., which would find 

. place in higher series. (Hof meister, * Allgemeine Morphologie der 
GtewSchse,' p. 449. Leipzig, 1868.) 

Dealing first with the phenomena of dUemaU leaf-order, the theory is 
advanced that, in each of the series A, B, C, <fec., the higher orders have 
been derived from some lower order of the same series by a process of 
condensation advantageous to the species in which those higher orders ave 
found ; that the scene of this condensation of leaf-order has been the 
bud and other close-packed forms of plant-growth ; and that the imme- 
diate gain has been better economy of space. 

In support of this theory it is argued, first, that the uae of leaf-order 
is to be found in that stage of the life of a shoot in which the leaf-order 
is most regular and perfect. Leaf-order is seen in perfection in close- 
packed forms of plant-growth, such as the hudy the 5u?6,the radical^^setUj 
the involucre^ the composite head, the catkin, the cone, even the seed itself. 
Therefore it must be in these forms that leaf-order is especially useful. 
In elongated shoots, on the contrary, with long internodes and distant 
leaves, the leaf -order has a tendency to lose that regularity which it 
enjoyed in the bud, and is often disarranged by a twist of the stem 
or by contortion of the leaf-stalks (required for the better display of the 
leaf-blades to the light). The native arrangement of the leaves (excluding 

the order >\ is often a positive disadvantage to them in lateral twigs. 

It is only in the more vertical and unembarrassed shoots that the leaf- 
bhides remain content with their distributive position. Indeed, one chief 
use of the leaf-stalk seems to be to enable the leaf-blade to make the best 
of an unfavourable birth-place. (Tew, silver fir, box, and privet are in- 
stanced as examples.) Hence it appears probable that the use of leaf- 
order is not to be found in the elongated shoot. 

Looking, then, to the above-mentioned close-packed forms of plant- 
growth as the scene of the usefulness of leaf-order, it is seen that the cha- 
racteristic feature which distinguishes them from the elongated forms is 
contact between neighbouring leaves (or shoots). The whole surface of the 
stem is occupied by their bases, and no vacant interstices are left between 
them. It is plain that the process of cell-growth has resulted in great 
muiual pressure between neighbouring leaves and shoots. Eecognizing 
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this fact of mutual pressure, we can see that leaf-order is useful in these 
close-packed forms by securing equal development of leaves and therefore 
economy of space. If the whole space is to be occupied, and the leaves 
or shoots are to have equal development, there must be orderly ar- 
rangement of some kind. The principle of economy of space under 
mutual pressure is put forward as of chief importance in leaf-arrange* 
ment. 

It appears that economy of space is especially demanded in a longi- 
tudinal direction, for the sake of protection against vicissitudes of tem- 
perature and the attacks of enemies. In a bud, for example, it is evidently 
important, on the one hand, that as many leaves as possible should attain 
as high development as their situation will allow, in order that they may 
be ready at the first approach of spring to complete that development 
and enter on their function without loss of time ; but, on the other hand, 
it is evidently important that the embryo shoot should be as short as 
possible, in order that it may be well within the guard of the protecting 
scales and less exposed to danger during the long period of bud-life. 
These claims will be satisfied by a vertical condtosation of the leaf-order, 
such as the state of mutual pressure of the embryo leaves and shoots is 
calculated to bring about. 

That the arrangements represented by the lower terms of the above- 
mentioned series A, B, C, &c. would, under a force of longitudinal con- 
densation, actually give rise to the successive arrangements represented 
by the higher terms of the same series, is shown by diagrams, in which 
the necessary consequences of each step of condensation are made 
apparent to the eye. In these diagrams a leaf or shoot is represented 
(for mechanical considerations) by a sphere, and the spheres are numbered 
from upwards. Taking, first, series A, the lowest order of that 

series, I, is represented by two vertical rows of spheres, those of each 

row being in contact and alternating >^ith those of the other. If these 
two rows remain vertical, no longitudinal condensation can take place. 
The first step towards such condensation must be their spontaneous 
deviation from the vertical. (Instances of such deviation in nature are 
found in the genus Qasteria and others, to be considered further on.) 
The next step required is some force of vertical compression, such as 
would result in nature from the stimting of the bud-axis (due directly to 
cold or indirectly to the advantage of protection gained thereby), attended 
with less, if any, stunting of the leaves. Then it is seen that the succes- 
sive stages of condensation, beginning with the order ^, will bring succes- 
sively into contact with (zero) the following numbers, 3, 6, 8, 13, 21, 
34, 55, 89, 144, &c., alternately to right and left, producing in succession 
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a series of orders which exactly resemble those found in nature, repre- 
sented approximately by the successive terms of series A : — 

1 2 3 5 8 13 « 
3* ? 8' I3' 21' 34' '^• 

The first two or three stages of this process may be illustrated by 
mechanical experiment. Attach two rows of light spheres in alternate 
order on opposite sides of a stretched india-rubber band, give the band a 
slight twist, and relax tension ; the system rolls up with strong twist 
into a tight complex order with three steep spirals, an approximation to 

the order \i if the spheres are set a little away from the axis, the order 

becomes condensed into (nearly) - > with five nearly vertical ranks ; and 

it is plainly seen that further contraction, with increased distance of the 
spheres from the axis, will necessarily produce in succession the orders 

n iL Q 

(nearly) 3, r^, ^^ &c., and that these successive orders represent suc- 

o 1«5 JiX 

cessive maxima of stability in the process of change from the simple to 
the complex. These results are not invalidated by the consideration 
that the natural development of leaves is not simultaneous but succes- 
sive. 

By other diagrams it is shown that the same process of condensation 

operating on the orders represented by the lower fractions of series B |^, 
1, Ac.) will produce the higher orders of that series. 
The same is also shown for series C u, L Ac.).' 

From the striking correspondence thus brought out between fact and 
theory, the conclusion is anticipated that we have here a clue to the 
secret of complex spiral leaf-order — ^that it is the result of condensation 
operating on some earlier and simpler order or orders, the successive 
stages of that condensation being ruled by the geometrical necessities of 
mutual accommodation among the leaves and axillary shoots under 
mutual pressure in the bud (taking the bud as the type of close-packed 
forms). 

From this point of view, Hofineister's law, that every leaf is found at 
that point in the circumference of the stem which has been left most open 
by the earlier leaves of the cycle, means that every leaf stands in that 
position relative to its neighbours which gave it most room for develop- 
ment in the bud. 

Allusion was made above to deviation of leaf-ranks from the vertical 
as a necessary first step towards condensation. A series of six diagrams 
shows the gradual transition presented by different species of the South- 
African genus Gasferiit^ from a form in which the two ranks are exactiy 
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vertical, to a form in which they are strongly twisted into a com- 
plex order with angular divergence nearly -?, differing from | by only 

^ of the circumference, and evidently admitting of further twist and 

closer approximation to the order ■-, From this striking series it is 

inferred that ranks originally vertical can and do acquire and transmit a 
tendency to deviate from the vertical, and that this tendency admits of 
augmentation to a high degree. 

Assuming a twist, then, as a probable primary variation from an 
originally vertical condition of leaf-ranks, it is plain that each leaf would 
take a lower position, and the whole bud (with the same number of 
leaves) would be shorter, than in the untwisted form. The shorter bud, 
it is supposed, would have an advantage in cold seasons. The direct 
actioQ of cold, by stunting the bud-axis (provided it did not stunt the 
leaves in the same proportion), would increase the twist. It may fairly 
be supposed that this twist would be taken advantage of and increased 
by natural selection in subservience to the close packing of the leaves. 
This course of modification is equivalent to the continued action of a 
force of vertical compression (mentioned above as the second requisite for 
condensation). 

Transition similar to that in OcuUria is seen in the genus AhS. 
Compare the two vertical ranks of A, verrucosa with the two twisted ranks 
of A. ohliqua. In A, serra (Sachs, * Lehrbuch der Botanik,' fig. 144) 
the change from the vertical to the strongly twisted form is found in the 

same plant : the basal leaves are in order ^ ; the higher take complex 
order. 

Exactly comparable (in this respect) with Aloe serra are the common 
laurel, Portugal laurel, Spanish chestnut, ivy, and others, which exhibit a 
similar change of leaf-order. These instances agree in presenting the 
complex order in the buds or parts of buds which occupy the most exposed 

situations, while they retain the simple order ^ in the less exposed 

lateral buds or in their basal portion. The exposure in the former 
case may be regarded as a sample of that which, in the course- of 
many generations, has (it is supposed) occasioned the condensation of 
leaf-order. 

It is here contended that the force of gravity (to which the two- 
ranked leaf-order of lateral twigs is referred by some authors) could 
not have been equally the cause of the phenomei^a seen in the inclined 
lateral shoot of Spanish chestnut and in the upright Aloe serra : but the 
phenomena in the two cases are the same, and admit of a common 
explanation by the condensation theory, if we regard the basal portion 
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o| the shoot as retaining the ancient order, and the more exposed tenmnal 
po]rtioQ as haying undergone protective modification. 

The yarioos degrees of obliquity of spiral ranks in the alternate orders 
of leaf-arrangement, and the complicated numerical relations existing 
between those yarious ranks, are all fully accounted for by the conden- 
sation theory. 

Analyzing the spiral arrangement seen in a sunflower-head, a dandelion- 
bead, a house-leek rosette, and an apple-twig, the result is found to be 
that any leaf (or fruit, in the first two instances), taken as zero, has for next 
neighbours successively, in rising steps of complexity of order, the 1st, 2nd, 
3rd, 5th, 8th, 13th, 21st, 34th, 55th, 89th, 144th, Ac. (in order of growth) 
alternately on the right side and on the left, producing alternately right- 
and lefir-handed spirals in sets of 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 
&c,; and these numbers are identical with those which would result 
from condensation of one of the lower orders of series A. Similar 
considerations apply to series B and €. 

It is a significant relation that, in the sunflower and similar examples, 
the arrangement oi the fruits in the composite head is such as would 
result from condensation of the arrangement of the leaves on the stem. 

Among the whorled orders also there is equally strong evidence of the 
working of the same force ofcondensation. 

First tiiere is a series (a) derivable from the crucial arrangement. 
(This is shown by diagrams.) In the orders thus formed it is seen that 
conspicuous sets of parallel spirals will form the most striking feature, 
and that these spirals will be found in sets of 2, 4, 6, 10, 16, 26, 42, &c. 
(series a). 

Instances are seen in the genera Mercurialis s^d Sagina, and the order 
DipsacacecSy in which last the whole series a finds exemplification. 

Here also it is a significant relation that the fruit-order in the com- 
posite heads of Dipsacacecu is such as would result from condensation ,of 
the crucial order of their stem-leaves. Some of these plants exhibit in 
their radical leaves a minor degree of the same condensation. 

In like manner it is shown that condensation of whorls of three 
would produce orders with spirals in sets of 3, 6, 9, 15, 24, 39, 63, &c. 
(series j3). Por examples see Hofmeister, op. cit, p. 460, 

Condensation (if any) of whorls of four would give spirals in sets of 
4, 8, 12, 20, 32, &c. (series y). 

It is contended that the preceding evidence, drawn from both divisions 
of leaf-arrangement (alternate and whorled), is suflSdent to establish the 
principle of condensation as haviifg played an important part in the 
history of leaf-arrangement. 
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But there are phenomena in leaf-arrangement which are not explained 
by condensation. We have still to account for (1) the origin of alter- 
nate orders with 3, 4, 5, 7, 9, &c. vertical ranks ; and (2) the origin of 
the different whorled orders, with whorls of two, three, four, five, &c, 
(with 4, 6, 8, 10, &c. vertical ranks). 

The whole course of condensation depended on obliquity of ranks ; but 
the distinguishing feature in these cases is that the ranks are exactly or 
almost exactly vertical. 

All these cases are explained on the hypothesis that there has been in the 
vegetable kingdom a variability (persaltum) in the number of leaf-ranks; 
that a plant originally having two vertical ranks has, by a stroke of 
variation, produced shoots or seedlings with three vertical ranks ; that 
three have varied to four, four to five, five to six, and so on ; and that 
these " sports " have survived in some cases because of some advantage 
which they enjoyed (probably the same advantage as that gained by 
condensation — ^the accommodation of the same number of leaves in 
a shorter bud). 

This hypothesis is supported by the variability which is found at the 
present day in the number of leaf-ranks in one and the same species. 
Yormateai(^,Sedumsea:an(/tdare exhibits ^wtfn nearly vertical ranks in order 

?, or six exactly vertical in whorls of three. I^^axinus exceUa has nor- 
mally four exactly vertical ranks in whorls of two, but may be found 
with^v* nearly vertical ranks in order t, or \idth «m? exactly vertical in 

whorls of three. (These three varieties may be found on shoots growing 
from the same stump.) Whorls of three are often produced by plants 
usually bearing whorls of two (e. g. sycamore, lilac, laurustinus, maple, 
horse-chestnut, elder, ash, &c.), and whorls of four instead of three are 
seen in some species of Sedum and Verbena, Among these forms it does 
not seem possible that one could be produced from another by accumu- 
lative modification. 

Professor Beal has found well-marked variation in the cones of larch, 
spruce, &c., the majority belonging to series A, but a considerable minority 
to series B or series a. 

In dandelion-heads about 5 per cent, belong to series a. 

Different species of the same genus (e. g. Aloe verrucosa and variegata, 
Haworthia vtsc^)sa djid pentagona, and different species of Sedum and 
Cactus) often exhibit differences of leaf-order which can hardly be under- 
stood but as resulting from direct variation in number of leaf-ranks. 

This hypothesis is also supported by analogy drawn from the animal 
kingdom. Among starfishes there ia variability in the number of rays : 
Asterias rubens has sometimes four or six instead of five ; A, papposa has 
from twelve to fifteen. Among mammals there is some variability in the 
number of digits. 
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Supposing, then, that, by strokes of variation, forms have been pro- 
duced with (2) 3, 4, 5, 6, &c. vertical leaf-ranks, it ^s next to be con- 
sidered how the arrangement of the leaves in each form would be affected 
by the demands of economy of space and mutual accommodation of ranks, 
supposing the ranks to be similar in point of size and number of leaves. 

Two vertical ranks would gain lateral accommodation by taking 

alternate order ^. Under vertical condensation, with twist in either 

direction, they would give rise to the successive orders of series A. (Two 
ranks are found in uneconomical opposite order in the genus Mesemhry" 
anthemum. This arrangement would be prone to fall into crucial order 
under vertical compression.) 

Three vertical ranks would, with least surrender of lateral accommo- 
dation, assume alternate order \ (illustrated by diagram). A slight twist 

in one direction (No. 3 towards No. 1) would allow perf^ lateral 
accommodation. In three-ranked plants (e. g. Carex and Alntui) such 
twist is usually found. Vertical condensation operating on three ranks 
possessing this obliquity would produce subsequent orders of series A. If 
the obliquity were in the opposite direction (No. 3 towards No. 2), con- 
densation would produce successive orders of series B. 

Four vertical ranks would economically fall into crucial order, the 
members of each rank fitting into the intervals between those of its 
neighbours. Opposite members therefore would stand at the same 
height, and would occupy one and the same node ; they would also 
divide the circumference equally, and would stand over the intervals of 
the next lower pair. This crucial order under vertical condensation 
would produce series a. In rare cases four ranks might assume an 

alternate order -, Vertical condensation of this order -y with twist 
4 4 

(No. 4 towards No. 1) would produce series B ; with opposite twist 
(No. 4 towards No. 3) it would produce series C. 

Hve vertical ranks would, with least surrender of lateral accommoda- 
tion, assume alternate order ?. A slight obliquity (No. 5 towards No. 2), 

such as is usually found in nature, would allow perfect lateral accom- 
modation. Condensation would then produce further orders of series 
A. With opposite obliquity (No. 5 towards No. 3) a new series 

(I' f' T2' W ^') ^^^^ ^ produced. Five ranks might also take 

alternate order I, which, condensed, would give with one twist series C, 

112 3 
with the other a new series r, g, rr, r=, Ac. 

Sioj vertical ranks would economically fall into whorls of three, the 
members of each whorl dividing the circumference equally, and standing 
over the intervals of the next lower whorl. Condensation would give 
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series )3. If six ranks sliould fall into alternate order ^, one obli- 
quity would lead to a series L h ^i ^, Ac., the opposite^ to a series 

6* ff 17' ^' 

Seven vertical ranks would take alternate order |y facilitated by 

obliquity. Condensation would give series B. (It is needless to follow 
other possible lines of condensation.) 

EigJU vertical ranks would fall into whorls of four, with the same 
general characters noted above in whorls of two and three. (Condensation 
would give series y. 

Nine would give ?. Condensation would produce series C. 
Ten would give whorls of five. 

o 
Eleven would give ~ 

Twelve would give whorls of six. 

Thirteen would give ^ ; and so on. 
lo 

Thus it appears that the whorled orders would naturally arise from 
economic arrangement of even numbers (except 2), and the aUemate 
orders from economic arrangement of odd numbers (including ako 2), of 
vertical ranks. 

It also appears that, in the whorled division, the members of each 
whorl will divide the circumference of the stem equally, and that succes- 
sive whorls will alternate in angular position. 

It has already been shown that in the alternate division the spiral 
arrangement of the leaves, with angular divergence limited to certain 
series of fractional values (A, B, C, &c.), would follow oa the hypothesis 
of condensation. 

These are the " main facts of leaf-arrangement " set down on page 298 
to be accounted for. 



It is possible that all the varieties of leaf-order at present existing may 
have been derived from an original two-ranked arrangement, portiy by 
variation in the number of leaf-ranks, and partly by vertical condensa- 
tion of the orders so formed. This view is supported by 

(1) the high probability that the simplest form has been the earliest ; 

(2) the prevalence of the two-ranked form among lower phanero- 

gamous plants (e. g. Graminece) ; 

(3) the numerous instances of transition from a two-ranked order 

at the base of a shoot to a more complex order in the higher 
parts; 

(4) the prevalence of the two-ranked arrangement of rootlets on 
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roots, taken in connexion with their probable homology with 
lateral shoots (the three ranks of rootlets in *Polygonace<Xy 
and the four in carrot and parsnep, illustrate variability in 
number of ranks) ; 
(5) the two*ranked arrangement of leaves in the seeds of Mono- 
ootyledonous plants, as compared with the more condensed 
(though probably at first two-ranked) order in the more 
highly developed Dicotyledonous embryo. 



Summary. — ^The author is led to suppose : — 

I. That the original form of leaf -arrangement was two-ranked« 

n. That this original two-ranked form gave rise to forms with 2, S, 4, 
6, 6, 7, Ac. ranks, by " sporting," as opposed to any process of accumu- 
lative modification. 

in. That of the orders so formed those with an even number of 
ranks (except 2) have, as a rule, assumed a whorled arrangement, and 
those with two or an odd number of ranks have assumed an alternate 
arrangement, under the need of lateral accommodation of ranks in the 
bud (taken as type of close-packed forms). 

lY. That all these orders have been subject to vertical condensation, 
under the need of vertical economy of space in the bud (taken as type of 
close-packed forms). 

V. (a) That such condensation, operating on a 2-ranked, or 8-ranked, 

or 6-ranked alternate order Uj g» ^j, has produced subsequent or- 
ders of series A ^^, 3, 5, g, ^3, 21' 34' 55' 89' ili' *^-j- 

(h) That condensation of a 7-ranked U\ or rarely of a 3- or 4-ranked 

fL Vj alternate order has produced subsequent orders of series B 

/l 1 2 3 6 - \ 
(3' ¥ r IT 18' ^T 

(c) That condensation of a 9-ranked / = j or rarely of a 4- or 5-ranked 

fL ^ alternate order has produced subsequent orders of series C 
/I 1 2 3 5 - \ 

[v V 8' T4' s' ^r 

(d) That condensation of a 4-ranked whorled order (whorls of two) 
has produced successive orders of series a, with spirab in sets of 4, 6, 
10, 16, 26, 42, &c. 

{e) That condensation of a 6-ranked whorled order (whorls of three) 
has produced successive orders of series j3, with spirals in sets of 6, 9, 
15, 24, 39, Ac. 

(/) That condensation (if any) of an 8-ranked whorled order (whorls 
of four) would produce successive orders of series y, with spirals in sets 
of 8, 12, 20, 32, &c. Higher numbers of ranks would lead to higher series. 
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III. " On the Improvement of the Spectroscope.*' By Thomas 
Grubb, F.R.S. Received April 30, 1874. 

The importance, as an instrument of research, which the spectroscope 
has reached within a few jears, renders any improvement therein 
a matter of general scientific interest. Hitherto it has been under a 
disadvantage, which, though shghtin amount in those cases in which the 
dispersive power of the instrument is moderate, becomes a rather serious 
annoyance to the observer when a number of prisms are used in serial 
combination, and the curvature of the spectral lines is proportionally 
increased, and only to be restrained in cvppearanu by using a narrow 
breadth of the spectrum. 

I have lately thought of a very simple and practical remedy (which 
may indeed have occurred to others, but which I have not seen men- 
tioned), whereby those lines are rendered palpably straight in a very 
large field ; but previous to describing it, it is desirable to refer to a state- 
ment appearing in the ' Astronomical Notices ' for last month (March), viz. 
that the spectral lines can be rendered perfectly straight simply by 
returning them (after their first passage through a series of prisms 
arranged for minimum deviation) by a direct reflection from a plane 
mirror ; and, further, that this has been accomplished in a spectroscope 
in construction for the Eoyal Observatory. 

Such a statement has, as might be expected, produced several inquiries ; 
in one case the querist is much interested, viz. by having a very large 
spectroscope in hand which, from its construction, involves the ques- 
tion of straight or curved lines resulting. It therefore seems desirable 
to remove any illusion which may be entertained, by a short considera- 
tion of the economy of the spectroscope, so far as the question of curva- 
ture is concerned. 

The curvature of the spectral lines may be considered a function of 
the dispersion of a prism ; it (the curvature) not only always accom- 
panies the dispersion, but, further, its character is always the same with 
respect to the dispersion — that is to say, the centre of curvature will be 
found invariably to lie in the same direction with respect to the direction 
of the dispersion, the lines being invariably concave towards that end 
of the spectrum having the more refrangible rays*. This (which admits 
of the clearest proof) is adequate to show the impossibility that, by any 

* Professor Stokes has indeed investigated a form of compound prism in which the 
resulting lines are straight, and on the same principle we maj combine prisms (using 
of course media of different optical powers) in which, with a balance of dispersion 
remaining, the curvature might be found reversed ; but this does not affect the general 
hiw. The curvature in that compound prism (which was the result of various trials, and 
first tised in the spectroscope of the Great Melbourne Telescope, and now, I apprehend, 
in pretty general estimation and use) probably has a less proportional curvature of the 
lines than the simple prism. 
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kind of inversion, whether by reflections or otherwise, we can neutralize 
the curvature while doubling the dispersion. 

If we examine the spectrum, as produced by a series of prisms placed 
in the position of minimum deviation, we necessarily find that the lines 
of higher refrangibility, also their centres of curvature, lie towards the 
centre of the polygon which the prisms themselves afEect ; and if we arrest 
the rays at any part of the circuit, and reflect them directly back by a 
plane mirror, this reflection reverses (right for left) not only the direc- 
tion of the centre of curvature of the lines, but also the direction of the 
spectrum itself, both which are consequently doubled in amount after 
the rays have performed the second, or return, passage through the 
prisms ; or (conversely) if, after the first passage through the prisms, we 
reflect the rays so as to pass through a similar set in such manner as to 
neutralize the curvature of the first set^ we shall find the resulting dis- 
persion reduced to zero. 

The writer of the article having alluded to a difference between the 
reflection as given by a plane mirror and a prism of (double) total reflec- 
tion, it may be observed that, so far as the dispersion and curvature are 
concerned, the cases are practically identical, the difference being that, 
in the double reflection, there is a vertical inversion of the spectrum, 
which, however, produces no discernible effect in either the spectrum or 
curvature of the lines ; and as the spectroscope constructed with the 
double reflecting prism is known to produce, with double dispersion, 
double curvature, we here have an additional proof, if such were required, 
that the single reflecting mirror does the same. 

The remedy, or means of producing straight spectral lines, which I 
have alluded to, is simply that of constructing the " slit " with curved 
instead of rectilinear edges. There is but little practical difficulty 
incurred in construction, and no apparent objection to its use. It may 
be objected that for each variation of prism-power in use there should be 
a special slit. It is, however, only in spectroscopes arranged for high 
dispersion that the curvature becomes objectionable ; in such there is 
seldom a change required, and a single slit of medium balancing-power 
would probably remove all practical difficulty, or objectionable curvature 
of the lines. I have found by trial that, when two compound prisms 
were in use, giving a dispersion from A to H of nearly 14°, the spectral 
lines were straight in a field of one degree, when the radius of curvature 
of the slit was made 1*25 inch. 



[Note on the above Paper. 

If a ray of light be refracted in any manner through any number of 
prisms arranged as in a spectroscope, undergoing, it may be, any number 
of intermediate reflections at surfaces parallel to the common direction 
of the edges of the prisms — or, more generally, if a ray be thus refracted 
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or reflected at the surfaces of any number of media bounded by cylin- 
drical surfaces in the most general sense (including, of course, plane as a 
particular cas^), the generiiting lines of which are parallel, and for 
brevity's sake will be supposed vertical, and if a be the altitude of the 

ray in air, a', a", , its altitudes in the media of which the refractive 

indices are /i', /i", . . . . , then 

(1) The successive altitudes will be determined by the equations 



sm a=fA , sm a =/i , sin a = . 



just as if the ray passed through a set of parallel plates. 

(2) The course of the horizontal projection of the ray will be the same 
as would be that of an actual ray passing through a set of media of 



refractive indices 



fA cos a fi cos a 



instead of /u', /x". 



As 



cos a cos a 

a<a, the fictitious index is greater than the actual, and therefore the 
deviation of the projection is increased by obliquity. 

These two propositions, belonging to common optics, place the justice 
of Mr. Grubb's conclusions in a clear light. — April 30, G. G. Stokes.] 



May 7, 1874. 

WILLIAM SPOTTISWOODE, M,A., Treasurer and Vice- 
President, in the Chair. 

In pursuance of the Statutes, the names of the Candidates recom- 
mended for election into the Society were read from the Chair as 
follows : — 



Isaac Lowthian Bell, F.C.S. 
W. T. Blanford, F.G.S. 
Henry Bowman Brady, F.L.S. 
Thomas Lauder Brunton, M.D., 

ScD. 
Prof. W. Kingdon Clifford, M.A. 
Augustus Wollaston Franks, M. A. 
Prof. Olaus Henrici, Ph.D. 
Prescott G. Hewett, F.E.C.S. 



John Eliot Howard, F.L.S. 
Sir Henry Sumner Maine, LL.D. 
Edmund James Mills, D.Sc. 
Bev. Stephen Joseph Perry, 

F.E.A.S. 
Henry Wyldbore Eumsey, M.D. 
Alfred E. C. Selwyn, F.G.S. 
Charles William Wilson, Major 

E.E. 



The Presents received were laid on the table, and thanks ordered for 
them. 



The following Papers were read :- 



Digiti 



ized by Google 



1874.] On a Magnetized Copper Wire. 311 

I. ^^Preliminary Experiments on a Magnetized Copper Wire/' 
By Professor Balfour Stewart, LL.D., F.R.S., and Arthur 
Schuster, Ph.D. Received March 30, 1874. 

1. The following experiments were made in the Physical Laboratory 
of Owens College, Manchester. The copper wire employed (A B C D, 



see fig.) was found to contain no perceptible trace of iron, nor was it 
sensibly magnetic, behaving quite in a neutral manner when tested by 
the highest magnetic power at our disposal. It was covered with gutta 
percha. The diameter of the wire was 0*0487 inch. The wire was 
wound fifty-three times, in one direction, round the poles of a powerful 
electromagnet, the length of wire encircling these poles being about 
twelve metres. The direct distance of the magnet from the galva- 
nometer, G, was about twelve metres. 

A Wheatstone bridge was employed, and a very delicate Thomson's 
reflecting galvanometer by Elliott Brothers, of which the resistance was 
5540 B.-A. imits. A circuit-breaker was placed in the circuit at E, close 
to the bridge. On some occasions, we used one consisting of a solid 
key, which might be removed, thus breaking the circuit ; but, on other 
occasions, a fluid or mercurial circuit-breaker was employed. 

When the left-hand pole of the electromagnet (see fig.) was made north 
the arrangement was called (1), and when the other pole was made north 
the arrangement was called (2). It will thus be seen, from the figure, 
that the current went round the magnet in the same direction as the mole- 
cular currents of arrangement (2). 

Experiments were made at intervals of two minutes ; a Jd, on each 
occasion, the current was allowed to pass through the bridge for ten 

2b2 
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seconds, the measurement being taken by the first swing of the galva- 
nometer, which lasted for about eight seconds. Three cells of Q-rove's 
battery were used for producing this current j but, on the other hand, six 
similar cells were employed for magnetizing the electromagnet. The 
arrangements for magnetizing are not shown in the figure. The distance 
of the magnet was too great to affect the galvanometer^needle so as to 
alter its sensibility, the average deflection causing a difference in the 
zero of about four divisions of the scale. 

2. In the first experiments made, the key at E (see fig.) was not token 
out before the magnetism was put on or off, in consequence of which tiiie 
induction-current, due to the wire coiled round the magnet, affected tiie 
galvanometer on these occasions ; but, after December 12th, the key was 
taken out, so that no induction-current passed. 

The following is a specimen of the observations made : — 

December 17, 1873. 

Time of putting on ..^^^^^ deflection obfleryed Condition of 

current . (^^^c^i^g deflection denotcB ^ 

increasing resutanoe in A B D). ^ 

IP 11« 312 off 

13 317 off 

15 311 off 

17 345 (1) 

19 328 off 

21 306 (1) 

23 303 off 

25 293 (1) 

27 300 off 

29 290 (1) 

31 307 off 

33 283 (1) 

35 292 off 

37 288 (1) 

39 302 off 

41 292 (1) 

43 309 off 

It will be seen from this experiment that the^r*^ effect of putting on 
the magnetism was a marked increase of resistance ; but, with this excep- 
tion, the resistance, when the magnetism was on, was less than the mean 
of the two resistances on both sides of it, representing the mag- 
netism off: 

3. The arrangement remained untouched, as far as we know, from 
December 15, when it was finally made, until December 19, when the 
experiments were interrupted during the Christmas holidays ; and in all 
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cases ^e first effect of putting on the magnetism was a marked increase 
of resistance. For instance, we have — 

Date. First off. On first effect. Second off. 

Dec. 16 +36 on (2) + 3 

„ 17 +34on(l) +17 • 

„ 18 +54on(l) +24 

„ 19 +33on(l) -18 

It was soon seen that this first effect had some reference to the time 
elapsing since the last experiments were made. For instance, in the 
above Table, we see for December 18th a marked increase of resistance 
when the magnet was first put on; but, on the afternoon of that day, the 
experiments were repeated, and there was no apparent increase of 
resistance in i^B first effect. Next, with regard to the average effect : on 
Dec. 16th, 17th, and 18th, this average effect of magnetism was a decrease 
of resistance; but on Dec. 19th there was an apparent increase of resist- 
ance when the magnetism was on. We cannot say that nothing had 
been done to the arrangement between the 18th and 19th of December 
that might account for this change ; but whatever was done must have 
escaped our recollection. Undoubtedly a good many experiments were 
made during the lime between the 15th and 19th of December, and the 
direction of the magnetism was frequently changed. This curious 
anomaly, occurring unexpectedly, induced us to limit our future experi- 
ments to a definite set each day. 

4. The experiments were resumed on January 7th, the arrange- 
ment having remained untouched during the holidays. From this date 
until January 10th inclusive, the key was taken out before beginning 
experiments in the morning : there was no peculiar ^rs< effect ; while, on 
the other hand, an average effect denoting a decrease of resistance came 
out very prominently. On January 12th and 13th the key was only 
taken out before magnetizing, and on these occasions the first effect, 
denoting increased resistance, was sufficiently marked. 

Our method of procedure was varied in the above manner up to 
January 27th ; and it was invariably found that, whenever the key was 
taken out before conuneacing experiments, there was no first effect ; but 
when it was kept in until before magnetizing, this first effect was suffi- 
ciently marked. These experiments concur in proving that the first 
effect has some reference to the previous treatment of the wire ; but they 
do not prove that it is at the same time connected with the putting on 
of the magnetism. To determine this point we made a set of experi- 
ments on January 22nd, 26th, and 27th. When the current had become 
constant the key was taken out, but the magnetism was not put on ; and 
on these occasions there was no first effect of the current upon itself in the 
direction of increased resistance, but rather in the opposite direction. It 
thus appears that the first effect which increases the resistance has not 
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only reference to the previous treatment of the wire, but depends also 
upon the magnetism being put on. 

This result is confirmed by experiments made previous to Dec. 12th, 
in which the key was not taken out at all. For instance, we have on 

Dec. 9th, 

First off. On first effect. Second off. 

+54 +45 

"We have hitherto only spoken of the Jirst effect obtained after 
January 7th ; we now come to the average effect. From January 7th 
to January 27th iuclusive, the magnetism was always put on in the 
direction (1), and the average effect invariably denoted a decrease of 
resistance when the magnetism was on. 

5. On January 28th the magnetism was reversed ; the effect during this 
day was very irregular. On January 29th, dOth, 31st, and February 2nd 
the key was left in until before magnetization. The^r«< ^ff^t was now 
extremely large ; but it was suspected that, during these experiments, the 
contact of the key was not very good. 

On January 29th the average effect denoted a decrease of resistance, 
but on January 30th, 31st, February 2nd, 4th, 6th, the average effect 
denoted an increase of resistance. 

6. From February 6th until February 11th the wires were left broken ; 
on February 11th there was a very slight firBt effect in the direction of 
increased resistance, and a slight average effect in the direction of de- 
creased resistance. On February 12th a merciuy interrupter was used 
instead of a metal key, both the wires being broken by it, and its use 
was continued until February 18th. The interrupter was left in over 
night and the current was only broken before magnetization, but no 
fir9t effect was observed. 

From February 19th to February 26th one wire only was broken by 
the fluid interrupter ; nevertheless there was no first effect. 

On February 12th, when the fluid interrupter was first employed, there 
was a very small average effect in the direction of increased resistance ; 
but, ip all the experiments afterwards, this average effect was in the direc- 
tion of decreased resistance. The magnetism had been in the direction 
(2) from January 28th ; but, during the experiment of February 25th, it 
was reversed and retained in this condition through the experiment of 
Febnuiry 26th, without appearing to affect the results. 

7. From these experiments we may perhaps conclude as follows : — 
In the first place, there is a first effect in the direction of increased 

resistance which appears to have reference to three things — namely, the 
previous state of the wire, the solidity of the circuit, and its mag- 
netization. 

In the second place, we have an average effect, of which the normal state 
appears to denote a decreased resistance while the magnetism is on, 
without reference to the direction of the magnetism. 
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In the third place, when, in a solid circuit, the direction of the mag- 
netism has been recently changed, there appears to be a temporary 
reversal of the average effect, which appears, at first, as an increase of 
resistance. Besides the evidence herein detailed, we have other evidence 
in favour of the third conclusion ; for in some preliminary experiments, 
in which we frequently reversed the poles, we found an increase of 
resistance when the magnetism was on. We have given, in a Table 
appended to this paper, a synopsis of our various experiments. 

8. We are led to conclude, from other experiments besides these, that 
the effect of the magnetism is not merely confined to the part of the copper 
wire wound round the poles, but is propagated all along the wire. On 
December 2nd, for instance, the current was passed through the wire, 
the galvanometer being joined as a 'secondary circuit. The main current 
was therefore measured. 

The deflections were as follows : — 

297 off 300 off 

300 (1) 302 (1) 

. 297 off 301 off 

300 (1) 

This shows an average strengthening of the current, equal to about 
one two-hundredth part of the whole. Were this strengthening due to 
merely the change of resistance of that part of the wire wound round 
the poles, the effect, as measured by the much more delicate arrangement 
of Wheatstone's bridge, would be much larger than was actually observed. 

9. AUusion was made in article 7 to some preliminary experiments, in 
which increased resistance was observed when the magnetLsm was put on 
(1) and (2) alternately. Similar experiments were made, giving i^e 
same result with a piece of coke and graphite, which were placed between 
the poles of the magnet. 

10. We have also some evidence that a copper wire, one end of which 
is wound round the pole of the magnet, changes its position in the 
electromotive series. Two copper wires were dipped into dilute nitric 
acid and connected with the galvanometer. A weak current passed 
through the galvanometer owing to a slight difference in the copper wires, 
one of which was also connected with the copper wire wound round the 
magnet. When the magnet was on, the current, as a rule, changed in 
intensity ; but the effect was small, and the difficulty of having two 
copper wires which, when joined together and dipped into nitric add, 
give a current sufficiently weak and constant, prevented us from getting 
any decided results. 

11. In conclusion we have to state that we regard these results which 
we have ventured to bring before the Boyal Society as preliminary, the 
correctness of which wiU, we trust, be confirmed by the further experi- 
ments which it is our intention to make. 
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Date. 


1873. 


Deo. 17. 


„ 


18. 




19. 


1874. 1 


Jan 


7. 


»> 


8. 


»» 


9. 


»» 


10. 


i> 


12. 


» 


13. 


»i 


14. 


t> 


16. 




16. 




17. 


♦» 


20. 




21. 


»» 


22. 




24. 


>i 


26. 


ft 


27. 


II 


28. 


>* 


29. 


n 


30. 


»» 


31. 


Feb 


. 2. 




3. 


It 


4. 


» 


5. 


>i 


6. 


ft 


11. 




12. 


t* 


13. 


t* 


14. 




IG. 




17. 


«t 


18. 


ft 


19. 


»i 


20. 


»» 


22. 


f. 


24. 


»» 


25. 



Nature of Experiment. 



Value of first 
effect. 



Number 

of 

obflerra- 

tions. 



Mean effect, 

excl. of 
first effect 
(~ denote 
decrease of 
resistance). 



Metal key left in OTer night taken out before 
meignetism was put on (1) 

Met«3 key left in over night taken out before 
magnetism was put on (1) 

Metal key left in over nisht taken out before 
magnetism was put on (1) 

The Key was taken out before beginning the ex- 

Eeriments in the morning 
e key was taken out before beginning the ex- 
periments in the morning j 

The key was taken out before beginning the ex- 
periments in the morning 

The key was taken out before beginning the ex- 
perimente in the morning 

The key was not taken out until before mag- 
netizing 

The key was taken out (same as Jan. 7) 

The key was not taken out (same as Jan. 12) ... 
Ditto 

The key was taken out (same as Jan. 7) 

The key was not taken out (same as Jan. 12) ... 

The connexions had been broken since Jan. 17 . 

The key was taken out (same as Jan. 7) 

When the current was constant the key was taken 
out, but the ma^et was not put on before the 
current had again become constant 

The key had bron left out since Jan. 22 

Same as Jan. 22 

Ditto 

The magnet was put on (2) from this day until 
Feb. 26 r. 

The magnet was put on (2), key left in (same as 
Jan. 12) 

The magnet was put on (2), key left in (same «s 
Jan. 12) 

The magnet was put on (2), key left in (same. as 
Jan. 12) .; 

The magnet was put on (2), key left in (same ^s 
Jan. 12) 



The key was taken out and put in after several 
offs, same as Jan. 22 



The key was taken out (same as Jan. 22) 

A mercury interruptor was used instead of metal 
key. 



The mercury interruptor was kept in over night 
The mercury interruptor was kept in over ni^ht 
New mercurial contact breaker from Elliott 

Brothers used 

Ditto key left in (same as Jan. 1 2) 

Ditto Ditto. 

One wire only was broken 

One wire only was broken, key left in (same as 

Jan. 12)..... 

One wire only was broken, key left in (same as 

Jan. 12) 

One wire only was broken, key left in (same as 

Jan. 12) 

One wire only was broken, magnet on ( 1 ) 



off. on. off. 
0-f 34+17 

0+64+24 

0+33-18 

No first effect 

Ditto 

Ditto 

Ditto 

0+47+18 

No first effect 

0+3-6 

0+17+11 
No first effect. 
0+28+119 
No first effect. 

0+7 + 1 



No first effect. 
Ditto 
Ditto 
Ditto 



15 

30 

15 

15 

15 

16 

15 

15 
Irregular 
15 
15 
15 
16 
15 
15 



15 
15 
15 
15 



-14 

- 9 

+21 

-17 

-19 

-13 

-20 

-18 
action. 
-19 

- 2 
-67 
-22 
-44 

- 9 



-13 
-11 
-33 
-23 



0+102+47 
0+219 
0+137+161 
0+ 47+84 



No first effect 



No first effect, 
0+7+3 

No first effect 
Ditto 
Ditto 

Ditto 

Ditto 

Ditto 

0+11 + 16 

No first effect. 

Ditto 

Ditto 



15 
15 
15 
15 

15 

"l5 
15 

31 
15 
15 

15 
15 
15 
15 

15 

17 



-23 

+25 
+ 16 
+ 11 



17 
U£)0|g 



+31 

*+"3 
-.3 

+ 3 
-11 
-36 

-18 

- 5 

- 7 

- 2 

-13 
-12 

- 8 

Me 4 
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Bbmarks. * 

Dec. 18, 1873. For a second series of 15 on this day no first effect was found. 

Jan. 15, 1874. There was a sudden change of the current during the experiment^ to 
which the unusually small effect is most likely due. 

Jan. 16. There was a sudden change of the current during the experiments, to which 
the unusually large effect is most likely due. 

Jan. 17. There was an irregularity at the beginning of the experiment. 

Jan. 20. Action somewhat irregular. 

Jan. 22. There seemed to be a first effect of the current on itself in the opposite 
direction, 0—14—9. 

Jan. 26. There seemed to be again a first effect in opposite direction, 0—47 — 57. 

Jan. 27. Ditto Ditto 0-17-17. 

Jan. 28. The action was yery irregular. 

Jan. 29. It is suspected that during the experiments from Jan. 29 to Feb. 12 the con- 
tact at the key was not very good. 

Feb. 3. The action was very irregular. 

Feb. 4. There seemed to be two first effects of the current upon itself in the direction 
of increased resistance. 

Feb. 5. The action was very irregular. 

Feb. 6. There seemed to be a first effect of decreased resistance of current upon itself. 

Feb. 11. The wires had been broken since Feb. 6th. 

Feb. 12. One of the wires had got between the pole and the core of the magnet. 

Feb. 24. After the first on (2) the magnet was always put on (1). 



II. "Note on some Winter Thermometric Observations in the 
Alps.'' By E. Frankland, F.R.S. 

During the past winter, I spent a fortnight at the village of Davos, 
Canton G-raubiinden, Switzerland, and had thus an opportunity of 
erperiencing some of the remarkable peculiarities of the climate of the 
elevated valley (the Prattigau) in which Davos is situated. The village 
has of late acquired considerable repute as a climatic sanitarium for 
persons suffering from diseases of the chest. So rapidly has its reputa- 
tion grown, that while in the winter of 1865-66 only eight patients 
resided there, during the past season upwards of three hundred have 
wintered in the valley. 

The summer climate of Davos is very similar to that of Pontresina and 
St. Moritz, in the neighbouring high valley of the Engadin — cool and 
rather windy ; but so soon as the Prattigau and surrounding mountains 
become thickly and, for the winter, permanently covered with snow, 
which usually happens in November, a new set of conditions come into 
play and the winter climate becomes exceedingly remarkable. The sky 
is, as a rule, cloudless or nearly so ; and, as the solar rays, though very 
powerful, are incompetent to melt the snow, they have little effect upon 
the temperature, either of the valley or its enclosing mountains ; conse- 
quently there are no currents of heated air ; and, as the valley is well 
sheltered from more general atmospheric movements, an almost uniform 
calm prevails until the snow melts in spring. 
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According to^Dufour's trigonometrical measurements, Davos is 1556 
metres, or 6105 feet, above the sea; the measurements of the Swiss 
Meteorological Society make the height 1650 metres, or 5413 feet ; and 
my own estimation with an aneroid gave it as 4000 feet above Ziirich, 
or 5352 feet above the sea. The village of Davos is therefore about 500 
feet lower than the summit of the Bigi. 

I arrived on the evening of the 20th of December, and found the snow 
lying from two to three feet deep on the flat sole of the valley. On the 
following morning the thermometric observations were commenced with 
instruments supplied to me by Mr. L. Casella, all of which had been 
certified at the Kew Observatory. For the corresponding readings at 
Greenwich I am indebted to Mr. Olaisher. 

December 2l8t, 1873. — From behind the sharp peak of the Schwarz- 
hom the sun rose at the Seehof Hotel, Davos-Dorfli, at 8.35 a.m. 
Throughout the day the sun was alternately clear and obscured by 
clouds. At Davos-Platz it did not rise until 9.44 a.m. At 10 ^.m. the 
mercurial thermometer with blackened bulb in vacuo showed 44° C. 
(lll°-2 Fahr.) in the sunshine, and 45^ C. (113° Fahr.) at 2.50 p.if. At 
Greenwich the readings on this day with the blackened bulb in vacuo 
placed on the grass ♦ in the sunshine were : — ^at 9 A.if ., 9°-3 C. (48°-7 
Fahr.), at noon and at 3 p.m., 21''-9 C. (71®-5 Fahr.), the maximum 
during the day being 21°'9 C* (71°'5 Fahr.). The maximum tempera- 
ture observed in the shade was 10°'9 C. (51°'7 Fahr.), and the minimum 
on grass in the shade 2°-l C. (35''-7 Fahr.). 

December 22nd, — ^A mercurial thermometer with black glass bulb was 
laid on the snow at 8 a..u, ; twenty minutes later, or fifteen minutes 
before sunrise, it marked — 18°-3 C. (~l°Fahr.). The sky was deep 
blue, and almost perfectly cloudless during the whole day. live minutes 
after sunrise many of the patients at the Seehof Hotel were walking in 
the open air without any special wraps, and many of them without over- 
coats. In the brilliant sunshine one felt comfortably warm sitting in 
front of the hotel in a light morning coat. The following thermometrical 
observations were made on this day : — 



* Since the aboye wu written I haye uoertained that the reading8 of this kind of in- 
strument are muoh higher when it is laid on grass than when it is damped upon a 
staiF at a height of 5 feet aboye the ground. Thus, at St Leonard's-on-Sea on the 7th 
of April last, this thermometer in sunshine stood at 42°'d C. at 11.50 a.m., when placed 
5 feet from the ground, but when laid on the grass it promptly rose to 56^*5 0. It is 
therefore evident that the readings of the solar thermometer at Greenwich, giyen 
throughout this paper, are much too high for fair comparison with the Dayos tempera- 
ture, the thermometer at Greenwich having been always laid upon the grass. On 
the 7th of April the sky at St Leonard's was clear, the air warm with but little wind, 
and the sun bright ; nevertheless the maximum temperature during the day in sunshine 
was 2^*7 C. lower than that observed with the same instrument at Davos on the 21st of 
December last —May 7, 1874. 
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I. Blackened bulb in vacuo. 


In sunshine. 






8.45 

A.M. 


8.50 

A.M. 


9.0 

A.II. 


9.46 

A. II. 


10.15 

A.M. 


10.45 


11.15 

AM. 


Noon. 


Light cloud, 
12.40 P.M. 


Clear, 
1.45 P.M. 




25-0 c. 


2S-0C. 


300 a 


o 

37-3 0. 


39-3 C. 


39-5 C. 


41-2 C. 


42-4 C. 


37-2 0. 


43-0 C. 



This thermometer was clamped to an alpenstock at a height of about 
five feet from the snow in all the observations recorded in this paper. 
At Q-reenwich the readings were, with blackened bulb in vacuo : — ^maxi- 
mum 12°-8 C. (55° Fahr.) ; at 9 a.m., 8°-5 C. (47^-3 Fahr.) ; at noon 
and at 3 p.m., 12°'8 C. (55^ Fahr.). The maximum in the shade was 
10°*4 C. (60°-7 Fahr.), and the minimum on grass in the shade - 1°'7 C. 
(28*^-9 Fahr.). 

U. Plain mercurial thermometer with black glass bulb. In sunshine. 



9.45 A.if. 


10.16 A.M. 


11.15 A.lf. 


Noon. 


1.45 P.M. 


-rc. 


0°-6 C. 


3°-3 C. 


3°-3 C. 


7°-2 C. 



lU. Plain mercurial thermometer with black glass bulb. In shade. 



10.15 A.M. 


11.15 A.M. 


Noon. 


1.45 P.M. 


-4^-0 C. 


-r-oc. 


-1°-0C. 


-2^0 C. 



IV. Phun mercurial thermometer with black glass bulb, placed in a 
box lined with padded black cloth and covered with plate-glass 
I inch thick. 



9.45 A.M. 


10.15 A.M. 


Noon. 


12.35 P.M. 


2 p.m. 


75°-0 C. 


85°-0 C. 


100^-0 C. 


102^-8 C. 


105°-0 C. 



Thus in mid winter the unconcentrated solar rays at Davos are capable 
of producing, under favourable circumstances, a temperature of 221*^ 
Fahr., — 9° Fahr. above the boiling-point of water at the sea-level, or 
21° Fahr. above that point at Davos, where I found water to boil at 
200° Fahr. when the barometer stood at 627*3 millims. 
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December 23rc?. — The sky wa8 again deep blue and cloudless nearly 
the whole of the day. The atmospheric pressure was 627*3 millimB., and 
the temperature eight minutes before sunrise, as shown by a black-glass- 
bulb thermometer laid upon the snow, was again — 18°*3 C. ( — 1° Fahr.). 
The following thermometric observations were made : — 





I. Blackened bulb 


in vacuo 


. In sunshine. 




90 a.m. 


9.30 a.m. 11.0 a.m. 


11.15 a.m. 


11.30 a.m. 


12.15p.m. 


2.0 P.M. 


Light clouds, 
2.23 P.M. 


28°-5C. 


35°-5C.[37°-2C. 


39°0 C. 


39°0 C. 


39°-6 C. 


40°0 C. 


34°-0C. 



II. In the shade, the plain mercurial thermometer, with black glass 
bulb, stood at -9°-4 C. (15-1° Fahr.) at 11.30 a.m. It was freely sus- 
pended in the air at a height of about three feet from the snow. 

At Greenwich the readings were, i;^dth blackened bulb in vacuo ; — 
maximum 22°-8 C. (73° Fahr.) ; at 9 a.m., 4°-4 C. (40° Fahr.) ; at noon, 
12°-6 C. (54°-6 Fahr.); at 3 p.m., 22°-8 C. (73° Fahr.). The maximum 
in the shade was 8°'3 C. (46°-9 Fahr.), and the minimum on grass in 
the shade -2°-3 C. (27°-9 Fahr.). 

December 2^ih, — ^As the Fluela pass, the highest carriage-road in Swit- 
zerland, was still open for sledges, I determined to make some observa- 
tions on the summit, which is 7890 feet above the sea, and consequently 
about 2538 feet above Davos. Starting from Davos at 8 a.m., I arrived 
at the summit of the pass, where there is a small hotel and telegraph 
station, at 10.30 a.m. 

The early morning was somewhat cloudy, but, about ten o'clock, the 
sky became perfectly clear and deep blue, and continued so until the sun 
set behind the Schwarzhom, a few minutes past noon. The following 
temperatures were recorded : — 

I. The blackened bulb in vacuo marked 41°-7 C. at 11 a.m. in the sun- 
shine, 42°-3 C. at 11.30 a.m., and 42°-3.C. at 12 o'clock. 

n. The plain black glass bulb in the shade showed at noon — 7°'2 C. 
when freely suspended about two feet above the snow in a brisk breeze. 

The highest temperature in sunshine which I have observed at Davos 
at noon, with the blackened bulb in vacuo, was 42°'6, which scarcely 
differs from that read on the Fluela pass at the same hour. S6 far as * 
these limited observations go, therefore, they indicate that the solar rays 
are not of appreciably higher thermal intensity at a height of 7890 feet 
than at a height of 5350 feet. I may add that the thermometer in the 
sunshine was sheltered from the wind on the Fluela pass, and was, in all 
respects but one, in a more favourable position for attaining a high tem- 
perature than at Davos. The one unfavourable condition was its expo- 
sure to less solar heat reflected from the snow than at Davos. 
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At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 19°-5 C. (67°-l Fahr.) ; at 9 a.m., 9°-6 C. (49°-3 Fahr.) ; at 
noon, 18°-6 C. (65^-5 Fahr.) ; and at 3 p.m., 19°-5 C. (67°- 1 Fahr.). The 
maximum in the shade was 10^*5 C. (50^*9 Fahr.), and the minim^iTp on 
grass in the shade -3°-l C. (26°-5 Fahr.). 

December 25ih. — The sky was again deep blue and perfectly cloudless. 
The air was also apparently clear, except at about 9 a.m., when the village 
and valley became immersed in a light fog, which consisted of minute 
snow crystals. On this and most subsequent days isolated crystals could 
be distinctly seen floating in the air, by placing the eye in shadow and 
then looking into the sunshine. The abundance or paucity of these 
suspended and, under ordinary circiunstances, invisible snow crystals 
must exercise a powerful influence upon the intensity of solar radiation. 
To this cause, for instance, it was probably due that at 1.45 p.m. on this 
day, although the sky was perfectly clear and the sunshine most intensely 
brilliant, the blackened bulb in vacuo only stood at 35° C. in the sun, 
whereas at noon, when all the conditions were apparently the same 
(except, of course, the sun's altitude), the temperature was 5^ C. higher. 
The following readings were taken : — 

I, Blackened bulb in vacuo. In sunshine. 



9.0 A.M., 

frozen fog. 


9.15 a.m., 
clear. 


10.20 A.M., 

clear. 


11.15 A.M., 

clear. 


Noon, 
clear. 


1.45 p.m., 
dear. 


22^-5 C. 


32°-5 C. 


3r'-9 C. 


39°-2 C. 


40°-0 C. 


35°0 C. 



n. The black glass bulb on the snow eight minutes before sunrise 
marked — 12°*8 C. At noon in the shade it stood at — 9°'l C. Height 
of barometer 630 millims. 

At Q-reenwich the readings were, with blackened bulb in vacuo: — 
maximum 10^-4 C. (50°-8 Fahr.); at 9 a.m., 4°-6 C. (40°-3 Fahr.); at 
noon and at 3 p.m., 10°'4 C. (50°-8 Fahr.^. The maximum in the shade 
was 7^*5 C. (45^*5 Fahr.), and the minimum on grass in the shade 
-2°-7 C. (2T'2 Fahr.). 

Decenhber 2^th. — ^Not the smallest cloud was visible during the whole 
of this day. The sky was intensely blue and the air perfectly calm. 
Atmospheric pressure 630 millims. Fifteen minutes before sunrise the 
thermometer on the snow marked — 16°'7 C. At 1.50 p.m. the same 
thermometer in the shade stood at — 4°*1 C. The following readings in 
the sunshine were made with the blackened bulb in vacuo : — 



8.45 

A.M. 


9.0 

A.M. 


10.0 

A.M. 


10.30 

A.M. 


11.0 

A.M. 


11.30 

A.M. 


Noon. 


12.30 

P.M. 


1.0 

P.M. 


2.30 

P.M. 


2.50 

P.M. 


23-0 c. 


3f-8C. 


3§8C. 


40-8 C. 


42-6 C. 


43-7 C. 


42-5 C. 


42-7 C. 


45-0 C. 


3f0C. 


35-1 c. 
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At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 8°-8 C. (47°-9 Fahr.) ; at 9 a.m., 6°-7C. (44°Fahr.) ; at noon 
and at 3 p.m., 8°-8C. (47°-9 Fahr.). The maximum in the shade was 
8°-2C. (46°-7 Fahr.), and the minimum on grass in the shade 4''C. 
(39°-2Fahr.). 

December 27th. — A cloudless morning and deep blue sky. Eight 
minutes before sunrise the thermometer on the snow indicated — 17®*2 C. 
At 10.26 A.if . the black bulb in vacuo registered in the sunshine 36®'5 C. 
and at noon 38^*5 C. The afternoon was cloudy and no observations 
were made. 

At Greenwich the readings were, with blackened bulb in vacuo: — 
maximum 13°-6C. (56MFahr.); at 9 a.m., 7^-6 C. (45°-5 Fahr.) ; at 
noon 6°-2 C.(43°-lFahr.); and at 3 p.m. 13°-6 C. (56^-4 Fahr.). The 
maximum in the shade was 8°'4 C. (47°'2 Fahr.), and the minimum on 
grass in the shade -3°-7 C. (25°-3 Fahr.). 

December 2Sth, — At 4.30 a.m. there was a violent storm of wind vnth 
snow ; afterwards moderate wind with snow until the afternoon. The 
barometer stood at 615 millims. At 2 p.m. the blackened bulb in vacuo 
registered 28^0. in sunshine. 

At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 0°-7 C. (33°-2 Fahr.) ; at 9 a.m., - 0°-6 C. (31°-1 Fahr.) ; at noon 
and at 3 p.if . 0^-7 C. (33°-2 Fahr.). The maximum in the shade was 0°-6 C. 
(33° Fahr.), and the minimum on grass in the shade was — 8°-4 C. (16°*9 
Fahr.). 

December 29th. — Sky deep blue and quite free from cloud during the 
whole day. Barometer 620 millims. At 8 a.m. the thermometer on the 
snow stood at — 22°*2 C. A spirit thermometer (not verified), 4 feet from 
the ground, indicated — 22°' 1 C. At noon the thermometer in the shade 
stood at — 18®'1C. The following observations were made with the 
blackened bulb in vacuo : — 



9.0 A.M. 


10.0 A.M. 


11.0 A.M. 


11.30 a.m. 


Noon. 


4 minuteB after sunset, 
3.30 P.M. 


18°-0 C. 


30°-0 C. 


33°-7 C. 


37°-0 C. 


33°-7C. 


-12°-0C. 



At Greenwich the readings were, with blackened bulb in vacuo : — 
marimum 28°-4C. (83°-2 Fahr.) ; at 9 a.m., - r-6 C. (29°-2 Fahr.) ; at 
noon, 28^-3 C. (82^-9 Fahr.) ; and at 3 p.m., 28^-4 C. (83°-2 Fahr.). The 
maximum in the shade was 4°'2 C. (39°-5 Fahr.), and the minimum on 
grass in the shade was - 9°-6 C. (14°-8 Fahr.). 

December 30th. — Sky deep blue and perfectly free from cloud during 
the whole day. Barometer 621*7 millims. At 8 a.m. the thermometer on 
the snow stood at — 26°'4 C. ( — 16°'5 Fahr.). A self-registering minimum 
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spirit thermometer (unverified), fixed to a post 4 feet above the snow, 
recorded —18° Fahr. as the minimum temperature during the night of 
December 29~30th. At 2 p.m. the thermometer in the shade stood at 
— 12°'8C. The air was apparently equally clear throughout the whole 
day. The following readings of the blackened bulb in vacuo in sunshine 
were made : — 



9.0 A.1I. 


9.30 A.M. 


10.0 a.m. 


11.30 a.m. 


12.15 P.M. 


1.30 P.M. 


2.0 B.M. 


25°-5C. 


32°-3C. 


35°0C. 


37°-5C. 


35°-2 C. 


38^-5 C. 


33°-7C. 



At Q-reenwich the readings were, with blackened bulb in vacuo : — 
maximum 22^-9 C. (73°-2 Fahr.) ; at 9 a.m., 2°-7 C. (36°-9 Fahr.) ; and at 
3 P.M., 22°-9 C. (73°-2 Fahr.). The maximum in the shade was Tb C. 
(45°'5 Fahr.), and the minimum on grass in the shade was — 4°'9 C. (23°'l 
Fahr.). 

December Zlst, — Sky deep blue, sun quite free from clouds during the 
whole day. Very light streaks of cloud appeared in the S.W. just 
before sunset. Barometer 621*5 millims. At 8 a.m. the thermometer on 
the snow registered — 23°-6 C. ; at noon the thermometer in the shade 
stood at — 10°'C. A naked thermometer with smoked black glass bulb 
freely suspended registered only — 2°'8 C. at 9.30 a.m. in sunshine. 
During the day abundance of snow crystals were frequently observed to be 
floating about in the air. The blackened bulb in vacuo was read in the 
sunshine as follows : — 



9.30 A.M. 


10.0 A.M. 


11.0 A.M. 


Noon. 


12.30 P.M. 


2.0 P.M. 


2.60 P.M. 


32°-9 C. 


36°-6 C. 


38°-7C. 


39°-0C. 


40°-0 C. 


35°0 C. 


21°-5C. 



At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 24°-4 C. (76° Fahr.) ; at 9 a.m., 8°-l C. (46°-6 Fahr.) ; at noon, 
21°-3 C. (70°-4 Fahr.) ; and at 3 p.m., 24°-4 C. (76° Fahr.). The maxi- 
mum in the shade was 10°*4 C. (50°'7 Fahr.), and the minimum on grass 
in the shade was 0°-6 C. (33°-l Fahr.). 

January lat, 1874. — ^A cloudy morning. Sun only slightly visible 
before 9 a.m.; afterwards brilliant between the clouds. Barometer 
625 millims. At 8.15 a.m. the thermometer on the snow marked 
— 13°'9 C, and the unverified self-registering minimum — 17°-3C. At 
11.30 A.M. the thermometer in the shade stood at — 3°-3 C. The following 
readings of sunshine temperatures were made with the blackened bulb in 
vacuo : — 
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9.0 A.M., 

cloudy. 


9.30 A.M., 

sUght 

cloud over 

sun. 


9.45 A.M., 

sun dear, 

rest of sky 

cloudy. 


10.0 A.M., 

clear. 


10.30 A.M., 

cloudy. 


11.30 a.m. 
cloudy. 


12.30 P.M., 
cloudy. 


-r-oc. 


30^-5 C. 


43^-5 C. 


44^-0 C. 


2r-3C. 


18^-5 C. 


ll°-5 C, 
had been 

23° C. 

since 
11.30 a.m. 



The afternoon and night were cloudy. 

At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 19°-6 C. (67°-3 Fahr.) ; at 9 a.m., 2°-8 C. (37°rahr.) ; at noon 
and at 3 p.m., 19°-6 C. (67^-3 Fahr.). The maximum in the shade was 
8°*1 C. (46°'6 Fahr.), and the minimum on grass in the shade was — 1°-2 C. 
(29°-9 Fahr.). 

January 2nd, — A cloudy morning. Sun not visible until nearly 
9 A.M. ; afterwards clear and calm, except at about 10.40 am., when a few 
light clouds appeared. Minimum temperature during the night, as 
measured by an unverified spirit thermometer, — 9°'2C. At 8 a.m. the 
thermometer on. the snow stood at— 6°-7C. ; atmospheric pressure 
627*8 millims. At noon the thermometer in the shade stood at 
— 5°C., and at 3 p.m. it registered —4°- 6 C. The following observa- 
tions were made with the blackened bulb in vacuo : — 



9.0 

A.M. 


9.15 

A.M. 


10.0 

A.M. 


10.30 

A.M. 


10.40 

A.M. 


Noon. 


12.30 

P.M. 


1.30 

P.M. 


3.0 

P.M. 


29° C. 


38° C. 


40° C. 


41° C. 


31°-5 C. 


43° C. 


40° C. 


41° C. 


27°-5 C. 



At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 14^-2 C. (57°-5 Fahr.) ; at 9 a.m., 9°-3 C. (48°-8 Fahr.) ; at noon 
and at 3 p.m., 14''-2 C. (57°-5 Fahr.). The maximum in the shade was 
10°'4 C. (50°-7 Fahr.), and the minimum on grass in the shade was 2°-6 C. 
(36°-6F^hr.). 

January 3rc?. — A calm but cloudy morning. At sunrise the ther- 
mometer on the snow registered — 6°*9 C. The unverified spirit minimum 
showed the lowest temperature during the night to have been — ll°C. 
Barometer 624 millims. At 11 a.m. the sun was just visible, and in the 
afternoon the clouds became still thinner. At 12.15 p.m. the ther- 
mometer in the shade stood at+0°*8C. The blackened bulb in vacuo 
stood at 9° C. at 9 a.m. and also at 11 a.m. Between 11 and noon it 
rose to 29° C. At 12.15 p.m. it marked 15°-5 C, and between that hour 
and 2 p.m. it reached 28° C, whilst at 2 p.m. it stood at 25° C. 
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At Greenwich the readings were, with blackened bulb in vacuo : — 
maximum 23°-8C. (74''-9 Fahr.) ; at 9 a.m., r-2C. (44°-9 Fahr.) ; at 
noon 10°-4 C. (SO'^-S Fahr.) ; and at 3 p.m., 23°-8 C. (74°-9 Fahr.). The 
maximum in the shade was 9^-2 C. (48^-6 Fahr.), and the minimum on 
grass in the shade was - -4^ C.-(31''-3 Fahr.). 

During the winter of 1870-iri a series of me^porological observations 

were made at Davos bj Mr. Arthur Wm. Waters, F.G.S., but I am not 

aware whether the instruments used- were verified. The minimum 

temperatures observed with a Hermann's metallic spiral thermometer 

were : — 

At Davoe. Corrwpon^g Umpera- 

ture at Grreenwcih. 

November, 1870 -l0°-7 C. - 5°-5C. 

December, 1870 -29°-5 C. - 15°-7 C. 

January, 1871 -20°-7 C. - 11°-1 C. 

February, 1871 -18^-7 C. - 5^0 C. 

The maximum sun-temperatures observed with a blackened bulb in 

vaato were : — 

Af ruw/.. Corresponding tempera- 

AtiMTOS. tare at Greenwich. 

November, 1870 46^-3 C. 35°1 C. 

December, 1870 46°-l C. 26°-0 C. 

January, 1871 47^'^-3 C. ' 26°-6 C. 

February, 1871 52°-2 C. 38^-8 C. 

The chief remarkable things about the observations made last winter 
are, first, the very high sun-temperatures prevailing contemporaneously 
with very low air- or shade-temperatures, and secondly, the compara- 
tive uniformity of the solar heat from sunrise to sunset. Thus on the 
29th of December, whilst the temperature of the air was — 18°*1 C, the 
sun-thermometer stood at +37° C, and on the following day, with an air- 
temperature not exceeding — 12°-8 C, the sun-temperature was 38°'5 C. 
Again, the sun-temperatures observed on the 26th of December illustrate 
the comparative uniformity of solar radiation during the day, when the 
sky remains cloudless. Twenty-five minutes after sunrise the solar 
thermometer indicated 31°'8 C. ; at noon it stood at 42°*5 C, and at 
thirty-five minutes before sunset it recorded 33°* 1 C. 

Besides the intensity of solar radiation and its comparative uniformity 
during the day, the rarity and calmness of the air are important factors 
amongst the causes of the peculiar climate of Davos. With the baro- 
meter standing at 615 millims. the weight of air in contact with a given 
surface of the skin is about one fifth less than it is at the sea-level. The 
excessive dryness of the air at Davos has probably but little special influ- 
ence upon the sensation of heat and cold, because the maximum proportion 
of aqueous vapour present in air near 0** C. is everywhere small, and the 
specific heats of equal volumes of air and aqueous vapour are not widely 
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different. On the other hand, the absence of suspended watery particles 
in the air has, no doubt, very considerable influence in preyenting the 
chilling of the skin. Not only are such liquid particles present when 
there is visible fog, but they often exist in great numbers when the air 
possesses its usual transparent appearance. Another very important in- 
fluence upon the sun-temperature is the reflection of solar rays from the 
snow. The valley of Davos is about one mile wide, and has precipitous 
sides and a flat sole. The villages of Davos-Dorfli and Davos-Platz are 
situated on the north-west slope of the valley, and consequently receive 
the scattered solar rays reflected from a large area of snow. I have no 
doubt that the sun-temperature at the opposite side of the valley is 
markedly lower ; but having no second sun-thermometer, I could not as- 
certain this by the comparison of simultaneous thermometric observa- 
tions. When staying at Ventnor, in the winter of 1872-73, 1 noticed 
that a not inconsiderable proportion of the total solar heat falling upon 
a house on a cliff, near the shore, was reflected from the sea. M. Dufour 
has since observed the same phenomenon between Lausanne and Yevay 
on the Lake of Greneva*, and has actually measured the proportions of 
direct and reflected heat incident at five different stations on the northern 
shore of the lake. He found that the proportion of reflected heat was as 
much as 68 per cent, of the heat directly incident from the sun, when 
the sun's altitude was between 4° 38' and 3*^ 34'. At about 7° altitude 
the proportion was between 40 and 50 of reflected to 100 of direct heat. 
Even at about 16° altitude the proportion was between 20 and 30 of 
reflected to 100 of direct heat ; but when the sun was higher than 30®, 
the reflected heat was hardly appreciable. It will be seen that this 
action of extensive reflecting surfaces of snow or water must exert a 
powerful influence upon the maximum temperature of places favour- 
ably situated for receiving the reflected rays ; and, moreover, where 
the proportion of heat reflected varies (as it has been proved to do in the 
case of water, and as it doubtless also does in the case of snow) inversely 
as the angle formed by the incident rays and the reflecting surface, this 
action must materially contribute, especially in winter, to the main- 
tenance of an approximately uniform sun-temperature throughout the 
day. At Davos and similar elevated stations, however, the comparative 
freedom of the air from suspended liquid and solid particles must 
obviously contribute, to a still greater extent, to such a result ; for as pure 
and dr y air is transcalent and reflects light but slightly, the horizontal 
sunbeams, passing through such air, would be nearly as powerful as ver- 
tical rays. 

The peculiar winter climate of Davos appears, therefore, to depend 
upon the following conditions : — 

] . Elevation above the sea, which causes greater rarity of the air, and 

* Comptes Rendus liebdomadaircs dcs Sdaneefl do rAcadeinie dee Sciences, 
June 30th, 1873. 
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consequently less abstraction of heat from the body. It also secures 
greater transcalency in the atmosphere by a position above the chief region 
of aqueous precipitation, and which is comparatively out of the reach of 
the dust and fuliginous matters that pollute the lower stratum of the 
air. On my journey from London to Davos I never saw the sun until I 
had arrived nearly at my destination ; and during the greater portion of 
the fortnight of brilliant weather recorded above, there was a dull leaden 
sky at Zurich, about 60 miles distant. 

2. Thick and {during the winter months) permanent snow, which reflects 
the solar heat and prevents the communication of warmth to the air, and 
consequently the production of atmospheric currents. In still, though 
cold, air the skin is well known to be less chilled than in much less cold 
air, which impinges with considerable velocity upon the surface of the 
body. The effect of motion through the air upon the sensation of warmth 
and cold at Davos is very striking. Sitting perfectly still in the sunshine, 
the heat in mid winter is sometimes almost unbearable ; on rising and 
walking about briskly, a delicious feeling of coolness is experienced ; but 
on dri\ing in a sledge, the cold soon becomes painful to the unprotected 
face and hands. 

3. A sheltered position favourable for receiving loth the direct and re- 
fleeted solar rays, — In this respect Davos-Ddrfli, situated opposite to the 

entrance of the Dischma valley, has the advantage over Davos-Platz, two 
miles lower down the valley ; for, in the latter village, the sun rises on 
the 21st December 1** 9" later, and sets about ten minutes earlier, than at 
Dorfli. 

All these conditions contribute not only to a high sun-temperature 
during the winter months, but also to a comparatively uniform radiant 
heat from sunrise to sunset. 

In conclusion I will only point to the general bearing which these ob- 
servations have upon winter refuges for invalids. While the primary 
conditions to be secured in such places must ever be fine weather and a 
sheltered position, the next in importance is, undoubtedly, exposure all 
day long to reflected, as well as direct, solar radiation. To accomplish 
this, a southern aspect and a considerable expanse of water, or nearly 
level snow, are necessary ; and it is important that the sanitarium should 
be considerably, and somewhat abruptly, elevated above the reflecting sur- 
face, so that it may receive, throughout the entire day, the uninterrupted 
reflection of the sun's rays. At the sea-side, for instance, only those 
houses which command such an uninterrupted view of the sea, ranging 
from S.E. to S.W., as shows the reflection of the sun throughout the 
entire day, enjoy the full advantages of the place. At, or near, the sea- 
level, however, it is impossible, owing to the suspended matters in the 
lower regions of the atmosphere, to enjoy any thing approaching to a 
uniform temperature from sunrise to sunset. For this' purpose it is 
necessary to leave the grosser air of the plains behind, and to ascend 
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flome 4000 or 5000 feet into the mountains, when, in these latitudes at 
least, the reflecting surface must necessarily be snow. 

In the above remarks I have confined myself strictly to the physical 
aspect of the subject ; but it is obvious that, in seeking an alpine sani- 
tarium, the patient comes under new conditions of respiration, and 
breathes air comparatively free from zymotic matter — circumstances 
which are probably not without profou^id influence upon his health. 



III. Addition to the i*aper, " Volcanic Energy : an attempt to 
develop its true Origin and Cosmieal Relations ^' *. By 
Robert Ma^llet, A.M., C.E., P.R.S., M.R.I. A., &c. Re- 
ceived April 3, 1874. 

(Abstract.) 

Referring to his original paper (Phil. Trans. 1873), the author re- 
marks here that, upon the basis of the heat annually dissipated from our 
globe being equal to that evolved by the melting of 777 cubic miles of 
ice at zero to water at the same temperature, and of the experimental 
data contained in his paper, he had demonstrated, in terms of mean 
crushed rock, the annual supply of heat derivable from the transforma- 
tion of the mechanical work of contraction available for volcanic energy, 
and had also estimated the proportion of that amount of heat necessary 
to support the annual vulcanicity now active on our globe ; but, from the 
want of necessary data, he had refrained &om making any calculation as 
to what amount in volume of the solid shell of our earth must be crushed 
annually, in order to admit of the shell following down after the more 
rapidly contracting nucleus. This calculation he now makes upon the 
basis of certain allowable suppositions, where the want of data requires 
such to be made, and for assumed thicknesses of solid shell of 100, 200, 
400, and 800 miles respectively. 

From the curve of total contraction (plate x. Phil. Trans, part i. 
1873) obtained by his experiments on the contraction of slags, he has 
now deduced partial mean coefficients of contraction for a reduction in 
temperature of 1® Pahr., for intervals generally of about 500° for the entire 
scale, between a temperature somewhat exceeding that of the blast- 
furnace and that of the atmosphere, or 53° Fahr. And applying the 
higheijpf these coefficients to the data of his former paper, and to the 
suppositions of the present, he has obtained the absolute contraction in 
volume of the nuclei appertaining to the respective thicknesses of solid 
shell above stated. In order that the shell may follow down and remain 
in contact with the contracted nucleus, either its thickness must be in- 

* Read Juno £0, 1872 ; Phil. Trnns. for 1873, p. 147. 
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creased, its volume remainiug constant, or the thickness being constant, 
a portion of the volume must be extruded. The former supposition is 
not admissible, as the epoch of mountain-building has apparently ceased ; 
adopting the second, the author calculates the volume of matter that 
must be crushed and extruded from the shell in order that it may remain 
in contact with the nucleus. He tabulates these results for the four 
assumed thicknesses of shell, and shows that the amount of crushed 
and extruded rock necessary for the heat for the support of existing 
volcanic action is supplied by that extruded from the shell of between 
600 and 800 miles thickness, and that the volume of material, heated or 
molten, annuaUy blown out from all existing volcanic cones, as estimated 
in his former paper, could be supplied by the extruded matter from a 
shell of between 200 and 400 miles in thickness. 

On data which seem tolerably reliable the author has further been 
enabled to calculate, as he believes for the first time, the actual amount 
of annual contraction of our globe, and to show that if that be assumed 
constant for the last 5000 years, it would amount to a little more than a 
reduction of about 3*5 inches on the earth's mean radius. This quantity, 
mighty as are the effects it produces as the efficient cause of volcanic 
action, is thus shown to be so small as to elude all direct astronomical 
observation, and, when viewed in reference to the increase of density due 
to refrigeration of the material of the shell, to be incapable of producing, 
during the last 2000 years, any sensible effect upon the length of the 
day. The author draws various other conclusions, showing the support 
given by the principal results of this entirely independent investigation 
to the verisimilitude of the views contained in his previous memoir. 



Presents received , April 16, 1874. 

Transactions. 

Batavia : — Koninklijke Natuurkundige Vereeniging in Nederlandsch 

Indie. Natuurkundig Tijdschrift voor Nederlandsch Indie. 

Deel XXXn. Afl. 4-6. 8vo. 1873. The Society. 

Danzig: — Naturforschende Gesellschaft. Schriften. Neue Folge. 

Band in. Heft 2. 8vo. 1873. (Another copy, with photographs.) 

The Society. 
Goteborg : — Kongl. Vetenskaps och "Vitterhets Samhalle. Handlingar. 

Ny Tidsfoljd. 12 Haftet. 8vo. 1873. The Society. 

Harlem : — Soci^t^ HoUandaise des Sciences. Archives N^erlandaises 

des Sciences Exactes et Naturelles. Tome Vlll. liv. 3, 4. 8vo. 

La Hays 1873. The Society. 
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Transactions (continued), 

London : — Entomological Society. Transactions, 1873. Part 5 ; 1874. 

Part 1. 8vo, The Society. 

Linnean Society. Transactions. Vol. XXVIII. Part 4. 4to. 1873. 

The Society. 



Observations, Eeports, Ac. 

Cape of Good Hope : — ^Boyal Observatory. The Cape Catalogue of 
1159 Stars, deduced from Observations, 1856 to 1861, reduced 
to the epoch 1860. 8vo. Cape Town 1873. The Observatory. 

Harlem :—Mus^e Teyler. Archives. Vol. III. fasc.3. 8vo. 1873. 

The Museum. 

Liverpool: — ^Eeport of the Astronomer to the Marine Committee, 

Mersey Docks, and Harbour Board for 1872. 8vo. LiverpoollS73. 

The Astronomer. 

London: — Meteorological Committee. Minutes of the Proceedings. 

1873. fol. 1874. Report of the Proceedings of the Meteorological 

Congress at Vienna. 8vo. 1873. The Committee. 

Royal School of Naval Architecture. Annual. No. 4. 8vo. 1874. 

C. W. Merrifield, P.R.S. 
University. Calendar for 1874. 8vo. 1874. The University. 

Prague : — Stemwarte. Magnetische und Meteorologische fieobach- 
tungen im Jahre 1872. 33 Jahrgang. 4to. Prag 1873. 

The Observatory. 
Utrecht : — Koninklijk Nederlandsch Meteorologisch Listituut. Jahr- 
boek voor 1873. Jahrgang XXV. Deel 1. 4to. 1873. 

The Listitute. 

Windsor, Nova Scotia : — King's College. Calendar for 1873-74. 8vo. 

Halifax, NJS. The College. 



Creswick (W.), W. Galloway, and W. Hopton. The Hermon Prire 
Essays on the Prevention of Explosions and Accidents in Coal 
Mines. 8vo. London 1874. W. Creswick, Esq. 

Qoodeve (T. M.) Principles of Mechanics. 12mo. London 1874. 

The Author. 

Mulder Rosgoed (D.) Bibliotheca Ichthyologia et Piscatoria. 8vo. 
Haarlem 1873. The Author. 

Napier (J. R.), F Jt.S. On the Economy of Fuel in Domestic Arrange- 
ments, 8vo. Glasgow 1874. The Author. 



Digiti 



ized by Google 



1874.] Presents. 331 

Apnl 23, 1S74. 

Transactions. 
Birmingham: — Institution of Mechanical Engineers. Proceedings, 
29, 30 July, 1873. Cornwall Meeting. Part 2.. 8vo. 

The Institution. 

Edinburgh: — Eoyal Society. Transactions. Vol. XXVII. Parti. 4to. 

1873. Proceedings. Session 1872-73. 8vo. The Society. 

Frankfort : — Zoologische Q^sellschaft. Der Zoologische Garten. 

Jahrgang XIV. No. 7-12. 8yo. Frankfurt a. M. 1873. 

The Society. 
Jena : — Medicinisch-naturwissenschaftliche Gesellschaft. Jenaische 
Zeitschrift fUr Naturwissenschaft. Band VIII.; Neue Folge. 
Band I. Heft 1. 8vo. 1874. The Society. 

London : — ^Eoyal Agricultural Society. Journal. Second Series. 
Vol. X. Part 1. 8vo. 1874. The Society. 

Newcastle-upon-Tyne: — Natural-History Transactions of Northum- 
berland and Durham. Vol. V. Part 1. 8vo. 1873. 

The Tyneside Naturalists' Keld-Qub. 

Turin: — Eeale Accademia delle Scienze. Memorie. Serie Seconda. 

Tomo XXVn. 4to. Torino 1873. ' The Academy. 

Vienna : — K. k. zoologisch-botanische Gesellschaft. Verhandlungen. 

Jahrgang 1873. Band XXin. 8vo. TTwn 1873. 

The Society. 

Wiirzburg : — Physikalisch-medicinische Gesellschaft. Verhandlungen. 

Neue Folge. Band VI. 8vo. 1874. The Society, 



Journals. 
American Journal of Science and Arts. Vol. VII. No. 37-39. 8vo. 
New Haven 1874. The Editors. 

Nautical Magazine. Oct.-Dec. 1873 ; Jan.-April 1874. 8vo. 

The Editor. 

New-York Medical Journal. Vol. XVIU. No. 4-6 ; Vol. XIX. 

No. 1, 3. 8vo. 1873-74. The Editors. 

Symons's Monthly Meteorological Magazine. No. 90-98. 8vo. London 

1873-74, The Editor. 



Baimondi (A.) El Departamento de Ancachs y sus riquezas Minerales. 
4to. Lima 1873. The Author. 
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April ;50, 1574. 

Transactious. 

Bologna : — ^Accademia delle Scienze dell' Istituto. Memorie. Serie 3. 
TomoII. fa8c.2-4; TomoIII. fa8C.l,2. 4to. 1872-73. Eendi- 
conto delle Sessioni. Anno Accademico 1873-74. 8vo. 

The Academy. 

Manchester: — Literary and Philosophical Society. Memoirs. Third 

Series. Vol. IV. 8vo. Lotidon 1871. Proceedings. Vol. VIII., 

IX., X. ; Vol. Xn. No. 12 ; Vol. XIH. No. 1-10. 8vo. Man- 

" cheater 1869-74. The Society, 

Naples : — Society Eeale. Accademia delle Scienze Fisiche e Mate- 
matiche. Atti. Vol. V. 4to. Napoli 1873. Bendiconto. Anno 
9, 10, 11. 4to. 1870-72. The Academy. 

Vienna : — Kaberliche Akademie der Wissenschaften. Denkschriften. 
Philos.-hist. Classe. Band XXII. 4to. Wien 1873. Sitzungsbe- 
richte. Math.-naturw. Classe. Band LXVH. Abth.2. Heft 4, 5; 
Abth.3. Heft 1-5; BandLXVIH. Abth.l. Heft 1,2; Abth.2. 
Heft 1, 2. 8vo. 1873. Philos.-hist. Classe. Band LXXIV. 8vo. 
1873. The Academy. 



Clausius (E.) Ueber verschiedene Formen des Virials. 8vo. Leipzig 
1874. The Author. 

Graham (Dr. C.) Cantor Lectures on the Chemistry of Brewing. 8vo. 
London 1873. The Author. 

HaUiwell (J. O.), F.E.S. A Fragment of Mr. J. 0. Halliwell's Illus- 
trations of the Life of Shakespeare, folio. London 1874. 

• The Author. 

Kolliker (A.), For. Mem. E.S. Knochenresorption und interstitielles 
Knochenwachsthum. 8vo. Wtirzburg 1873. The Author. 

Krishaber (M.) Maladies des Chanteurs. 8to. Paris 1874. 

The Author. 

Lancaster (A.) Note sur le Tremblement de Terre ressenti le 22 Octobre 
1873, dans la Prusse Eh^nane et en Belgique. 8vo. BruxeUes 1873. 

The Author. 

Martins (Charles) Aigues-Mortes : son passe, son pr^ent, son 
arenir ; Essai (J^logique et Historique. 8vo. Paris 1874. 

The Author. 

Montigny (Ch.) La FrAjuence des Variations de Couleurs des ^toiles 
dans la Scintillation. 8vo. Bruxelles 1874. The Author. 

Plantamour (E.) Le Congr^s M^t^orologique de Vienne en 1873. 8to. 
Omeve 1873. The Author. 
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Mai/ 7, 1874. 

Transactions. 

Basel: — Naturforschende Gesellschaft. Verhandlungen. Theil VI. 

Heft 1. 8vo. 1874. The Society. 

Brussels : — ^Academie Boyale de Medecine. Bulletin. Troisi^me Serie. 

Tome Vin. No. 1-3. 8vo. BruxdUs 1874. M^moires Couronn^s 

et autres Memoires. Collection in 8yo. Tome 11. fasc. 2. 1874. 

The Academy. 

Academic Boyaledes Sciences. Bulletin. 2«S^rie. TomeXXXYU. 

No. 1-3. 8vo. BruxelUs 1874. The Academy. 

Paris : — £cole des Mines. Annales des Mines. 7** Serie. Tome IV. 

(V., VI. liv. de 1873). 8vo. The ficole. 

JScole Normale Sup^rieure. Annales Scientifiques. 2« S^rie. 

Tome in. No. 2-4. 4to. 1874. The ficole. 

Society Geologique de France. Bulletin. 3* Serie. Tome I. No. 5 ; 

Tome n. No. 1. 8vo. 1874. The Society. 

Bome : — Accademia Fontifida de' Nuovi Lincei. Atti. Anno 27. 

Sess. 1-3. 4to. Boma 1874. The Academy. 

Utrecht : — ^Nederlandsch Oasthuis voor OogUjders. Veertiende Jaar- 

lijksch Verslag door . . . F. C. Bonders. 8vo. Utrecht 1873. 

The Hospital. 



Beports, &c. 
Melbourne : — Statistics of the Colony of Victoria. 1871. Index and 
Part 9-. 1872. Fart 1, 3, 4, 5, 6. foUo. 1871-72. 

The Begistrar^G^neral of Victoria. 
Montreal: — Geological Survey of Canada. Beport of Progress for 
1872-73, by A. B. C. Selwyn. 8vo. 1873. Beport on the Fossil 
Plants of the Lower Carboniferous and Millstone-grit Forma- 
tions of Canada, by J. W. Dawson, F.B.S. 8vo. 1873. 

The Survey. 
Turin : — ^Begio Osservatorio dell' TJniversitli. BoUettino Meteorologico 
ed Astronomico. Anno 7. 4to. Torino 1873. 

The Observatory. 
Wellington:— Statistics of New Zealand for 1872. folio. 1874. 

The Begistrar-General of New Zealand. 
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" On tlie Comparative Value of certain Geological Ages (or groups 
of Formations) considered as items of Geological Time/' By A. 
C. Ramsay, LL.D., V.P.R.S. Received December 16, 1873*. 

There are several methods by which attempts have been made to esti- 
mate the value of minor portions of geological time, one of which is 
founded on calculations of the probable age of deltas, deduced from 
estimates, more or less accurate, of the quantity of matter annually car- 
ried in suspension in rivers, in relation to the area occupied by, and the 
thickness of, any given delta, such as that of the Mississippi. But as 
none of these deltas are completed, and as it is unknown when, in the 
course of terrestrial changes, such completion may take place, no one 
can, as yet, successfully attempt to apply this kind of knowledge to the 
amount of time that was occupied in the formation of any of the ancient 
geological deltas, such, for instance, as that of the Furbeck and Wealden 
area. 

Mr. James Groll has, with considerable success, attempted to measure 
that portion of geological time which relates to the last great Glacial 
epoch, founding his conclusions on astronomical data calculated back- 
wards for a million of years ; but, as yet, the precise beginning of that 
epoch has not, in my opinion, been shown ; and in the absence of precise 
data respecting the number of local glacial episodes that may have pre- 
ceded the last, and the complicated calculations that would be necessary 
to measure these intervals, even if all these episodes were known, no 
data are yet accessible for the application of Mr. Croll's method to the 
greater part of geological time. 

There are other ways in which the subject has been approached, but 
always, of necessity, with a total want of definiteness with regard to their 
value in the measurement of time. The relative thickness of different 
formations gives no clue, or only a very slight one, to the solution of 
the question. Again, when in great and thick formations that spread 
over wide areas, such as those of Silurian age, an upper part of the 
series is found to Ke quite unconformably on the lower half, it requires 
but little experience in geology to infer that the unconformity indicates 
a long lapse of unknown time, unrepresented by strata over a given area. 
When we link such phenomena of striking unconformity with the disap- 
pearance in that lurea of some of the genera and most of the species in the 
older strata, and their replacement by new and, to a great extent, generally 
of closely allied forms, this addition to our data gives no clear help in the 
absolute measurement of time; for no one as yet has even dared to speculate 
on the length ci time that may have been necessary for the production 
of results so remarkable as those deduced from the theory of evolution. 

I am well aware of much that may be said on the other side of this 
particular question, such as that the incoming life of the later epoch 
« Bead Jan. 29, 1874. See anti, p. 145. 
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may be merely the result of migration from some other area or areas, 
where it liTed contemporaneously with the forms imbedded in the older 
strata ; but this by no means gets rid of the question of time, with those 
who may believe in an hypothesis so uncertain, if it so happen that they 
also uphold the doctrine of evolution. Looked at in this light, it is 
obvious that the balance of probability is largely in favour of the greater 
proportion of the specific forms in a new formation being, in the common 
meaning of the word, of later date than those of an older formation, on 
which the newer strata lie unconformably. 

Neither is the main question altered by the circumstance that a pro- 
portion of Palffiozoic genera are, in some parts of the world, occasionally 
and unexpectedly found along with Mesozoic associates. The fact remains, 
that changes in life have been produced, during lapses of time, in specific 
and consequently in generic forms, and that such contrasts of specific, 
and often of generic, forms are always most striking where marked un- 
conformities are found of a kind which prove that the lower strata had 
previously been much disturbed, and, as land, had suffered much denuda- 
tion before being again submerged. 

Seeing that speculations such as those enumerated, even when founded 
on well-established facts, afford but little help in the absolute measure- 
ment of geological time, it has occurred to me to look at the question 
from another point of view, and, in a broad manner, to attempt to esti- 
mate the comparative value of long and distinct portions of geological 
time, all of which are represented by important series of formations. 

In two papers* I have attempted to show that the Old Bed Sandstone, 
Permian, and New Bed series were all deposited, not in an open sea, but in 
great inland lakes, fresh or salt ; and this, taken in connexion with the 
wide-spreading terrestrial character of much of the Carboniferous series, 
showed that a great continental Age prevailed over much of Europe and 
in some other regions, from the close of the Upper Silurian epoch to the 
close of the Trias. The object of the present memoir is to endeavour to 
show the value of the time occupied in the deposition of the formations 
alluded to above, when compared with the time occupied in the deposi- 
tion of the Cambrian and Silurian rocks, and of the marine and fresh- 
water strata which were deposited between the close of the Triassic 
epoch and the present day. 

Partly for the same reasons that I consider the Old Bed Sandstone to 
have been a lake formation, so I think it probable that the red and 
purple Cambrian rocks of Scotland, Shropshire, and Wales were also 
chiefly deposited in inland watery, occasionally alternating, as at St. 
David's, with marine interstratifications, gener^y marked by grey slaty 
f ossilif erous shales, somewhat in the same manner that several bands con- 

* Quarterly Journal GeoL Soc. 1871 (vol. xxrii pp. 189-198 & 241-254), " On the 
Physioil BelationB of the New Bed Marl, Bhstio Beds, and Lower Lias,'* and " On 
the Bed Books of England of older date than the Trias." 
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tainiiig marine fossils are interstratified among the freshwater strata of 
the Miocene rocks of Switzerland. The probability of these Cambrian 
strata being partly of lacustrine origin is increased by the occurrence 
of analogous beds beneath the Silurian strata of the Punjab. There, in 
what is known as the Salt Eange, I am informed by Professor Oldham, 
are certain red marly and sandy strata believed to be the general equi- 
valents of our purple Cambrian rocks. They contain several thick beds 
of rock-salt, such as could only have been deposited by supersaturation 
due to solar evaporation, in the manner that rock-sfdt seems to have 
been formed in the Keuper Marl. * 

If the red Cambrian beds of Britain were partly deposited in inland 
waters, then it appears likely that our Silurian formations, from the so- 
called Menevian and Lingula beds upwards, were all deposited under 
marine conditions between two continental epochs, the close of the 
first of which is indicated by the nature of the Cambrian rocks, and the 
beginning of the second by the passage of the Upper Ludlow beds into 
the base of the Old Bed Sandstone. 

The physical conditions and long duration of the second continental 
epoch have been described in my two memoirs on the Eed Eocks of Eng- 
land *. The faunas of the Cambrian and Lingula-flag series (which pass 
conformably into each other), in the comparative paucity Of species and 
their fragmentary character, seem partly to indicate occasional inland 
shallow seas, possibly comparable to the great inlet of the Bay of Fundy ; 
and this scanty life probably gives but a poor idea of the fuller fauna of 
the period, hints of which we get from the equivalent formations of 
Sweden and Bohemia. 

In the ' Geology of North Wales ' (1866) I have shown that there is 
a gradual passage between the Cambrian rocks and that portion of the 
Lingula-flag series now sometimes called Mene\ian; and, for some years, 
I have held that the whole series of formations, from the lowest knoii-n 
Cambrian to the top of the Ludlow beds, may, in Britain, be most 
conveniently classed under three groups : Cambriau, Lingula, and 
Tremadoc slates form the lowest group, succeeded wxcmifomwhly by 
the second group, consisting of the Llandeilo and Bala, or Caradoc, 
beds ; above these we have the Llandovery, or May Hill, beds, over- 
laid by the Wenlock and Ludlow series, the Llandovery beds lying 
quite uiicfynformably on any and all of the formations of older date, ^m 
the Cambrian to the Caradoc strata inclusive. With each unconformable 
break in stratigraphical succession there is a corresponding break in the 
succession of species, very few (about 2\ per cent, out of 68 known 
species) passing from the Tremadoc slate into the Llandeilo beds, while 

* Also in a lecture subsequently given at the Boyal Institution, in which this piece 
of geological liistory was put into a more oonsecutiTe form, and the substance of 
which^was published in fuU in the * Contemporary Beview ' for July 1873, and (in 
Paris) in the • Kevue Scientifique ' of 14th June. 
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from the Caradoc Sandstone only about 11 per cent, pass onward into 
the Upper SHorian strata. These phenomena indicate gaps in geolo- 
gical time unrepresented in the Silurian series of Britain by stratified 
deposits, and, therefore, also unrepresented by genera and species, that, 
did we know them, might serve ta link together the life of the uncon- 
formable formations in a more ^duated succession of forms. I recapi- 
tulate these opinions, which were in part originally given in my first 
Presidential Address to the Geological Society (1863), because they bear 
on the arguments that follow. 

Like the Cambrian and Silurian rocks, the Devonian strata have also 
been classified in three divisions by paleontologists — Lower, Middle, and 
Upper. Li Britain the Lower. Devonian fauna is poor in numbers, 
while it is rich both on the continent of Europe and in North 
America. In England both the Middle and Upper Devonian fossils are 
plentiful enough. According to Mr. Etheridge, out of 74 English forms 
25 per cent, pass from the Lower into the Middle division ; while, out of 
268 forms, 25 per cent, pass from the Middle into the Upper Devonian 
strata. No one has yet proved that these breaks in palaBontological 
succession in the Devonian strata are accompanied by unconformable 
stratification ; but the entire region has never been accurately mapped 
according to the detailed methods of modem work. However this may 
turn out, the vast thicknesses of these strata, characterized, like the great 
Silurian divisions, by three marine faunas, of which the species are 
mostly distinct, would seem to indicat^e that the time occupied in their 
deposition may be fairly compared with that occupied in the accumula- 
tion of the Silurian series. 

I accept the view that the Old Ked Sandstone, as a whole, is the 
general equivalent m time of the Devonian formations, and probably of 
a good deal more ; for our Lower Devonian beds have no defined b^ise, 
and, therefore, their precise relation to the British Upper Silurian rocks 
is unknown, whereas the Up^r Ludlow rocks of Wales and its borders 
pass conformably, and somewhat gradually, into the Old Bed Sandstone. 
K the Devonian rocks be the equivalent of the Old Bed Sandstone, it 
follows that the time occupied in the deposition of the latter may have been 
as long as that taken in the deposition of the Cambrian and Silurian series. 
This position is greatly strengthened by the thorough specific, and in 
great part generic, differences in the fossils of the Upper Ludlow and 
those found in the marine Carboniferous series — differences that, to my 
mind, indicate a long lapse of time, represented by the deposition of the 
marine Devonian strata, during which time the Old Bed Sandstone was 
being elsewhere deposited in the large lakes of an ancient continent. 
These palsBontological comparisons seem to me to indicate the vast 
length of time necessary for the accumulation of these old lacustrine strata. 

The next question to be considered is, what time the deposition of 
the Ohl Bed Sandstone may have taken, when compared with the tiuie 
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occupied in the deposition of certain members of the Mesozoic series. 
This maybe attempted, partly on stratigraphical and partly on palawnto- 
logical considerations. 

The Lower Lias, at its junction with the Middle Lias, or Marlstone, 
passes gradually into that formation on the coast-cliffs of Yorkshire, 
where it is impossible to draw a boundary-line between them, either 
lithologically or palaeontologically. Both contain beds of the same kind 
of ironstone ; and the marly and somewhat sandy clays, through about 
twenty feet of strata, are similar in character, while a good proportion 
of the fossils in these passage-beds are common to both formations. 
Higher up, where the Marlstone becomes more sandy, a suite of fossils, 
to a great extent new, appears, due apparently to altered conditions of the 
sea-bottom : the water was shallower and nearer shore ; and the topmost 
strata of sandstone often eontaiu many stem-like bodies, sometimes two ot 
three feet in length, lying on the surfaces of the beds in curved lines, the 
same stems sometimes bending and crossing each other in a manner that 
strongly reminds the observer of the broken stalks of Laminarian seaweeds 
lying on a sandy shore, within close reach of a Laminarian zone. Taking 
these things into account, there seems to be a much more intimate connexion 
between the Lower and Middle than there is between the sandy beds of 
the Middle Lias and the Upper Lias clays of Yorkshire, between which, 
though there is 9 perfect conformity, yet a sudden break in lithological 
character occurs, accompanied by a nearly complete change of fossil 
species. But the three divisions being conformable to each other, the 
diversities of fossil contents, more or less, seem to be owing to changes 
in the physical condition of the sea, caused, in the case of the Upper Lias 
shale, to sudden depression of the area, which resulted in the deposition 
of the muddy sediments of the Upper Lias in deeper water than that 
which received the uppermost sediments of the Marlstone. Li the 
Midland Counties, however, the lithological break between the Middle 
and Upper Lias is not so sudden, and, intthat region, there is a greater 
community of species. 

In Yorkshire the strata immediately above the Lias are of mixed ter- 
restrial, freshwater, and marine beds ; but even there and in the middle of 
England, as 8ho\ni by Dr. Wright, there is a certain community of fossils 
in' the passage-beds that unite the Upper Lias to the Liferior Oolite. 
There is no perfect stratigraphical or palieontological break between them ; 
and when we pass in succession through all the remaining members of the 
truly marine Oolitic series of Gloucestershire, Somersetshire, and Dorset- 
shire, no real imconformity anywhere exists. The same species of fossils, 
ill greater or less degree, are apt to be common to two or more formations ; 
for example, such community exists between the fossils of the Liferior 
Oolite and those of the Combrash, between those of the freestones of 
the Inferior and Great Oolites, of the Stonesfield and Collyweston slates, 
and between tbose of the Kimmeridge and Portland Oolites. 
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The change of life in the sea-bottoms was, so to say, partly local, and 
due more to minor accidental physical causes than to that larger kind of 
change that is marked by great disturbance of a lower set of strata, 
long-continued denudation, and the subsequent unconformable deposi- 
tion of a newer set of beds upon them, thus clearly indicating a long 
lapse of time unrepresented by stratified deposits over a given area. I 
therefore infer that the whole of the Liassic and Oolitic series must be 
looked upon as presenting the various phases of one facies of marine life, 
belonging to one geological epoch, marked by boundaries below and above 
which depended on definite physical conditions over a large area. Such 
a state of things in this Mesozoic epoch is comparable to the changes in 
the fossil contents of the various subformations of the Cambrian and 
Lingula-flag series, of which the Tremadoc slates form an upper member ; 
and, in my opinion, the comparison holds good even partly in the 
manner of their deposition, parts of both series having been locally 
deposited in waters not marine. On these grounds, therefore, the 
Jurassic formations, as a whole, may be compared with these early Palaeo- 
zoic formations in the length of time occupied for the deposition of each. 

If this inference be just, then, in like manner, they may be compared 
with the Lower Devonian strata — in England poor in fossils as far as is 
yet known, but rich on the continent of Europe and in North America ; 
and this (assuming that the Devonian and Old Bed Sandstone strata are 
equivalents) implies that a lower portion of the Old Red Sandstone may 
have taken as long for its deposition as tlie ivlwle of tJie time occupied in the 
deposition of the Liassic and Oolitic series. 

It is now generally allowed that the Wealden beds of England are the 
freshwater and estuarine equivalents of the Lower and Middle Neo- 
comian strata of the Continent, which, in a palsDontological sense, may 
be said, in some degree, to be related to the uppermost Jurassic strata, in 
so far that a certain proportion of the species of Mollusca are common 
to both, as shown by Forbes and Godwin- Austen ; while, in our own 
country, from the Lower Greensand (Upper Neocomian) about 14 or 
15 per cent, of the fossils pass on into the Upper Cretaceous strata. 
The same kind of proportion, but in less degree, is found in the relations 
of the Tremadoc to the Llandeilo and Bala series, and of the latter to 
the Upper Silurian formations, and also of the Lower to the Middle, and 
of the Middle to the Upper, Devonian strata. Those last named being 
representatives in time of parts of the Old Bed Sandstone, it follows 
th<U the whole of the time occupied in the deposition of the Old Red Sand- 
stone may have been equal to the wJiole of the time oc4iupied in the deposition 
of all the Jurassic, Purhech, Wealden, and Cretaceous strata collectively. 

The next term of the continental era under review is the Carbonifer- 
ous epoch, which, in its various conditions and numerous local subdiri- 
sions, may with considerable propriety be compared to the Eocene period. 
The deposits of both are locally of marine, estuarine, freshwater, and 
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terrestrial origin, and both are clearly connected with long special con- 
tinental epochs. 

Next come the various members of the Permian series, which, if my 
published conclusions are correct, were partly formed in great inland 
lakes, analogous to the Caspian Sea and other salt lakes of Central Asia 
at the present day. Having been deposited in lakes, these subforma- 
tions may, in this one respect, be compared to the lacustrine strata of 
Miocene age ; and if Gbstaldi's conclusions with regard to part of the 
Italian Miocene beds, and my own opinions respecting part of the 
Permian strata, be correct, each series shows evidence of having included 
a glacial episode. 

Later than the Permian comes the New Bed, or Triassic, series, which, 
in this region, is not directly connected with the Permian strata, in so 
far that, where they occur in contact, the New Bed Sandstone is gene- 
rally unconformable to the Permian beds. In the threefold division of 
the New Bed series in France and Germany, the marine beds of the 
Muschelkalk (unknown in England) may be compared to the Lower or 
Coralline Crag strata ; and, though the Keuper Marls of Britain and of 
much of the Continent were evidently deposited in inland continental 
salt lakes, in the region of the Alps the St. Cassian and Hallstadt 
marine beds, being equivalent to the Keuper Marls, may in this respect 
be compared to the Bed Crag series. No one is, I think, likely to con- 
sider that the marine strata of Triassic age took a shorter time in their 
deposition than the marine beds of the Crag ; and, if we take the New 
Bed Sandstone into account, the probability is, that the whole of the 
Triassic series occupied in their deposition a much longer time than that 
taken in the deposition of the Pliocene marine strata. 

In my opinion, a great Tertiary continental phase began with the 
Eocene strata; and that continent ha\'ing undergone many physical 
changes, has continued, down to the present day, with a certain amount 
of identity ; and an analogous, though not strictly similar, state of things 
prevailed for an older continent, during the deposition of a large part of 
the formations treated of in this memoir. 

If the method founded on the foregoing comparisons be of value, we 
then arrive at the general conclusion, that the great local continental era^ 
which began with the Old Bed Sandstone and closed with the New Red 
Marl, is comparable, in point of geological time, to that occupied in thg 
deposition of the whole of the Mesozoic, or Secondary, series, later than the 
New Bed Marl, and of all the Cainozoic, or Tertian/, formations, and, 
indeed, of all the time that has elapsed since the beginning of the deposi-- 
tlon of the Lias down to the present day. To attempt to prove this 
theorem is the special object of this paper ; and if I have been suc- 
cessful, the corollary must be deduced that the modem continental 
era which followed the oceanic submersion of a wide area, during which 
the greater part of the Chalk was being deposited, has been of much 
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shorter duration than the older continent mentioned above in italics ; and 
which, to us, seems so ancient, when we think that the Alps and the Jura 
had then no more than a rudimentary existence. 

There are other points that bear on the comparative value of 
different epochs of geological time. During the older local continental 
epoch there flourished four distinct floras, those of the Old Eed Sand- 
stone, Carboniferous, Permian, and Triassic series. Of these the first 
three, notwithstanding considerable generic and complete specific differ- 
ences, may yet be said to be of one Palaeozoic type. The Triassic flora, 
as far as it is known, is of a mixed character, with generic affinities, how- 
ever, that unite it more closely to the Jurassic flora than to that of the 
Permian age. The whole series may therefore be considered as resolving 
itself into two types — the first extending from the Old Eed Sandstone 
to the Permian times, and the second belonging to the Trias. 

During the later period that elapsed, from the beginning of the 
deposition of the Lias down to the present day, we have also four 
distinct fl^as — ^the first of Jurassic type, embracing the little we know 
of the Neocomian flora ; the second. Cretaceous, which, as regards the 
Upper Cretaceous strata of Aix-la-Chapelle and of Greenland, is to a 
great extent of modem type ; third, an Eocene, and, fourth, a Miocene 
flora — the last three being closely allied, and the Miocene flora of Europe, 
in its great features, being nearly indistinguishable, except in species, 
from the kind of grouping incident to some of the modem floras of the 
northern hemisphere. The whole of this series may, therefore, in 
European regions, be also considered as resolving itself into two types — 
the first Jurassic, and the second extending from the later Cretaceous 
times to the present day. In this respect, the analogy to the floras of 
two types of the more ancient continent is obvious ; and, in both epochs, 
this kind of grouping is clearly connected with the lapse of time, which, 
in my opinion, may for each be of approximately equivalent value. 

The evidence derived from terrestrial Yertebrata is not quite so simple. 
In the Old Eed Sandstone none are yet known. In the Carboniferous 
rocks all the known genera (fourteen in Britain) are Labyrinthodont 
Amphibia. The same is the case, though the known genera are fewer in 
number, with the Permian rocks, excepting two land-lizards of the genus 
ProterosauriLM, Labyrinthodonts seem to decrease still more in the number 
of species in the Trias ; but Crocodiles appear, together with seven named 
genera of land-lizards, two genera of Anomodontia {Dicynodon and 
Bhynttosaurus), three genera of Deinosauria, and two of Marsupial Mam- 
malia. As far as we yet know, therefore, this ancient continental fauna 
pretty nearly resolves itself into two types; and, just as the Triassic 
type of flora passed into Jurassic times, so the Triassic land-fauna 
does the same. The oldest, or PalsBozoic, type (Carboniferous and Per- 
mian) is essentially Labyrinthodontian, and the second, or Triassic is, 
characterized by the appearance of many tme land-lizards and other 
terrestrial reptiles, together with marsupial mammals ; and this typical 
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fauna, as regards genera, with the exception of Labyrinthodontia and 
the appearance of Pfcerosauria, is represented, pretty equally, through all 
the remaining members of the Mesozoic formations, from Jurassic to 
Cretaceous inclusive. After this comes the great Pachydermatous Mam- 
malian Eocene fauna, and after that the Miocene fauna, which, in its 
main characters, is of modem type. 

The'general result is that, from Jurassic to Cretaceous times inclusive, 
there was a terrestrial fauna in these regions, chiefly Eeptilian, Saurian, 
and Marsupial, and, in so-called Cainozoic or Tertiary times, chiefly 
Reptilian and Placental. In brief, the old continental epoch that lasted 
from the beginning of the Old Red Sandstone to the close of the Trias, 
locally embraces two typical land-faunas— one Carboniferous and Per- 
mian, and one Triassic ; while the later epoch, from the beginning of the 
Lias to the present day, also locally contained two typical land-faunas, 
the latter of which is specially Placental. (See Table.) 

I am aware that such inferences are always liable to be disturbed by 
later discoveries, and I therefore merely offer the above* suggestions as 
being in accordance with present knowledge. 

Another point remains. The earliest known marine faunas, those 
of the Cambrian, Lingula-flag, and Tremadoc beds, inchide many of 
the existing classes and orders of marine life, which are much more fully 
developed in the succeeding Llandeilo and Bala strata, such as Spongida, 
Annelida, Echinodermata, Crustacea, Polyzoa, Brachiopoda, Lamelli- 
branchiata, Pteropoda, Nucleobranchiata, and Cephalopoda. This im- 
portant &ct was insisted on by Professor Huxley in his Anniversary 
Address to the Geological Society in 1862. The inference is obvious, 
that in this earliest known varied life* we find no evidence of its having 
lived near the beginning of the zoological series. In a broad sense, com- 
pared with what must have gone before, both biologically and physically, 
all the phenomena connected with this old period seem to my mind to 
be quite of a recent description ; and the climates of seas and lands were 
of the very same kind as those that the world enjoys at the present day — 
one proof of which, in my opinion, is the existence of great glacial boulder 
beds in the Lower Silurian strata of Wigtonshire, west of Loch Ryant. 

This conclusion, not generally accepted, has since been confirmed by 
Professor Geikie and Mr. James G^ikie, both with regard to the Wigton- 
shire strata and to the equivalent beds in Ayrshire. In the words of 
Darwin, when discussing the imperfection of the geological record of 
this history, " we possess the last volume alone, relating only to two or 
three countries ; " and the reason why we know so little of pre-Cambrian 
faunas, and the physical characters of the more ancient formations as 
originally deposited, is, that, below the Cambrian, strata we get at once 
involved in a sort of chaos of metamorphic strata. 

* Earliest known except the HurOnian Aspidella TsrraTiovica and the Laurentian 
EoMoon Canadense. 
t Bee PhiloBophical Magaane, vol. zziz. p. 289, 1866. 
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The connexion of this question with the principal subject o£ this 
paper, that of tlu comparative value of different geological eras as items of 
geological time, is obvious. I feel that this subject is one of great 
difficulty ; and, as far as I know, this is the first time that any attempt 
of the kind has been made to solve the problem. If my method be incor- 
rect, it may yet help to suggest a better way to some one else ; and in the 
meanwhile, even if partly heterodox, I hope it may deserve toleration. 

Classification of Faunas (Terrestrial, Freshwater, and Estuarine) 
into Groups. 
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The letter B. means English, C. Continental and not known in Bngland ; but as the 
physical phenomena connected with the Continental strata in which thej are found are, in 
the main, identical with those that affect the English rocks, the European Continental 
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May 21, 1874. 

WILLIAM SPOTTISWOODE, M.A., Treasurer and Vice- 
President, followed by Dr. SHARPEY, Vice-President, in 
the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — 

I. " On the Structure and Development of Peripatus capenais" 
By H. N. Moseley, M. A., Naturalist to the ^Challenger' 
Expedition. Communicated by Prof. Wyville Thomson, 
F.R.S. &c.. Director of the Scientific Civilian Staff of the 
Expedition. Received April 9, 1874. 

(Abstract.) 

The author commences by expressing his obligations to Professor 
Thomson, who gave him assistance in some parts of his work, and every 
encouragement in the further prosecution of it. 

Specimens of PaHpatua were collected at the Cape of Good Hope 
during the stay of H.M.S. * Challenger' at Simon's Bay, with a view to 
the investigation of the development of the animal. A specimen was 
dissected and at once seen to be provided with trachers, and to contain 
far developed young. This led to as careful an examination being made as 
time would permit, and hence the present paper. The most modem 
paper on Peripatus is that of Grube*. Grube, after examining the ana- 
tomy of the animal, came to the conclusiou that it was hermaphrodite, and 
placed it among the " Bristle-Worms" in a separate order, Onychophora. 
Gruhe has been followed in most text-books, such as those of Claus 
and Schmarda ; but uncertainty on the matter has been generally felt. 
De Quatrefagest follows Gervais in placing Ptnpa^w in affinity with the 
Myriopods, and the result of the present investigation is to show that he 
is not far wrong. 

The species made use of appears to be Perxpatus capmns, described 
by Grube in the Zoological Series of the * Novara * expedition. The 
animal has invariably seventeen pairs of ambulatory members, a pair 
of oral papills, and two pairs of homy hooked jaws, shut in by tumid 
lips. The specimens found varied in length from 1*6 to 7 centims., in 
the contracted condition. About thirty specimens were found, all of 
them bnt one at Wynberg, between Simon's Bay and Cape Town. The 
animals appear to be somewhat local and not very abundant ; they live 
JMi damp pbeei under trees, and especially frequent rotten willow^wood. 

• Muller^ AMdiiv, 1853. t Hist det Ansel^ 
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Thej feed on rotten wood. They are nocturnal in their habits. They 
coil themselves up spirally like lulus when injured. They have a remark- 
able power of extension of the body, and when walking stretch to nearly 
twice the length they have when at rest. They can move with consider- 
able rapidity. They walk with the body entirely supported on their 
feet. Their gait is not in the least like that of worms, but more like that 
of caterpillars. When irritated they shoot out with great suddenness 
from the oral papillas a peculiarly viscid tenacious fluid, which forms a 
meshwork of flne threads, with viscid globules on them at intervals, the 
whole resembling a spider's web with the dew upon it. The fluid is 
ejected at any injuring body, and is probably used in defence against 
enemies, such as insects, which would be held powerless for some time 
if enveloped in its meshes. The fluid is not irritant when placed on 
the tongue, but slightly bitter and astringent ; it is as sticky as bird- 
lime : flies, when they light in it, are held fast at once. The fluid is 
structureless, but presents an appearance of fine fibrillation when dry. 
The animal is best obtained dead in an extended condition by drowning 
it in water, which operation takes four or five hours. 

Only those points in anatomy are touched on which appear to have 
hitherto been wrongly or imperfectly described. 

The intestinal tract is not straight, as described by Grube, but longer 
than the body, and usually presents one vertical fold ; it presents 
numerous irregular sinuous lateral folds, but is not enlarged in every 
segment, as stated by Grube. Special regions, a muscular pharynx, short 
oesophagus, long stomnch, and short rectum are distinguished in the 
tract. The viscid fluid ejected from the oral papillae is secreted by a 
pair of ramified tubular glands lying at the sides of the stomach and 
stretching nearly the whole length of the body. These glands are those 
described by Grube as testes ; they show a common glandular structure, 
but no trace of testicular matter. A pair of enlargements on the ducts 
of the glands, provided with spirally arranged muscles, serve as ejacula- 
tory reservoirs. The lateral elongate bodies lying outside the nerve- 
cords, considered by Grube to bo vessels, show a fatty structure, vary 
much in extent, and are probably to be regarded as representing the fatty 
bodies of Tracheata. 

No structure like that of the heart of Myriopods was found in the 
dorsal vessel. 

The tracheal system consists of long fine tracheal tubes, which vexy 
rarely branch : these arise, in densely packed bunches, from short com- 
mon tubes, which open all over the body by small outlets in the epi- 
dermis ; these outlets have no regular structure and are difficult to 
see. The whole of the tracheal system, very conspicuous in the fresh 
condition, becomes almost invisible when the animal examined has been 
a short time in spirit, and the air has been thus reopyoved from the 
Hence the failure of Grube to see them. The trachea 
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are distributed in meshworks to all the viscera. The. spiral filament 
is very imperfectly developed. A row of larger oval spiracles exists 
along the middle line of the under surface, the spiracles being placed 
opposite the interspaces of the feet, but not quite regularly. Other 
large spiracles exist on the inner sides of the bases of the feet. A 
large supply of tracheaB goes to the rectum and muscular phamyx. In 
many points the structure of the tracheal system resembles that in 
Itdus, 

Peripatus is not hermaphrodite. Out of thirty specimens about ten 
were males. No outward distinction of the sexes could be discovered. The 
female organs consist of a small oblong ovary situate behind the stomach, 
about one sixth of the length from the end of the body ; from this lead a 
pair of oviducts, which, at their terminations, become enlarged and per- 
form a uterine function, appearing, when filled with embryos, like a 
string of sausages. In nearly all cases, even when the embryos were 
far advanced, two large masses of spermatozoa were found in the ovary, 
and others attached to the ovisacs externally. A long loop, formed by 
the oviducts on each side being quite loose in the body, becomes often 
thrown into a knot through the constant protraction and retraction of the 
body-wall. The knot is known to sailors as an overhand knot on a bight. 
The knot sometimes becomes drawn very tight, and then prevents the 
passage of the embryos above it. A case was met with in which this 
had occurred. The upper parts of the oviducts were mortified off at the 
knot, and remained attached only to the ovary. The ducts were dilated 
into large single sacs, the usual constrictions between the embryos having 
disappeared, and were full of decomposed embryos and fatty tissue. The 
knot was met with in many specimens — in some cases on both sides of 
the body, in others (as in that figured) on only one. The oviducts unite 
in a short common tube to open at the simple vulva. The male organs 
consist of a pair of large ovoid testes, surmounted by short tubular 
prostates. The vasa deferentia are long and tortuous, forming, near the 
testes, spiral coils in which the ducts are enlarged, and which may be 
called vesiculae seminales. A muscular ejaculatory tube, or penis, lies on 
one side of the body — sometimes on one, sometimes on the other. One 
vas deferens passes across, at the end of the body, under both nerve-cords 
to join the penis ; the other takes a more direct course, not passing 
under the cords at all. In the original condition both ducts probably 
passed one under each nerve-cord, to join the centrally placed common 
terminal tube, homologous with that of the female organs. 

The spermatozoa are filamentary, as in insects and in Scolopendra, but 
not in lultts. Their development is described. They are very long, and 
their tails have a spiral movement as well as an undulatory one. They 
twist into all sorts of loops. 

The muscular tissue of Peripatiu is unstriated. 

The development of Peripatus was only partially followed. As a rnle. 
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all the embryos found in one mother are of the same age. In some 
cases slight differences were found, which were very valuable for deter- 
mining the development of the parts of the mouth. The embryos lie 
coiled up in simple hyaline envelopes, enclosing an ovoid cavity, within 
the enlargements of the uterine tubes. In the earliest stage observed 
the embryo had large round cephalic lobes and was without members, but 
showed distinct segmentation about its middle ; it was coiled up spirally, 
the head being free, the tail in the axis of the coil. Later on the embryo 
becomes bent round in an oval, with the tip of the tail resting between 
the antennsB. 

The front members are formed first : they arise as undulations of the 
lateral wall of the body, which become pushed further and further out- 
wards, and are at first hollow, formed of two layers of cells, the inner x>f 
which is reflected over the intestine. The members form one after 
another, from the head downwards. A line of segmentation is formed 
across the body before the pair of members swells out, but disappears as 
they develop. The wall of the digestive tract is, in the early condition, 
drawn out laterally at each interspace between the pairs of members, to 
become attached there to the body-wall. The cephalic lobes early show 
traces of a separation into two segments, anterior and posterior ; from 
them, anteriorly, bud out the antenna, which gradually become more and 
more jointed. The mouth forms before the anus. 

The full number of body-members is very early attained. The second 
pair is the largest at first, but subsequently become the small oral 
papillsB. The first pair turn inwards towards the primitive mouth- 
opening, and, developing their claws greatly, form the pair of homy jaws ; 
these are covered by processes which grow down from the lower part of 
the head, and which eventually unite with the tissues at the bases of the 
oral tentacles and form the tumid lips, which, eventually closing in, hide 
all the parts of the mouth in the adult. The head-processes are probably 
homologous with the mandibles of higher Tracheata, the homy jaws with 
the maxillsB and the oral papillsB with the foot-jaws of Scolopendra ; a 
regular labrum is formed by a downward growth from the front of the 
head, but is eventually shut in by the tumid lips. 

It is uncertain whether a corresponding structure beneath the mouth 
represents the second under lip of Scolopendra or a true labium. The 
foot-claws are developed in invaginations of the tips of the ambulacral 
members. The young members develop five joints each, the typical 
number in insects, and one which seems to be retained in the adult. 

In the present state of our knowledge concerning the structure of 
Peripatus, the most remarkable fact in its structure is the wide di- 
varication of the ventral nerve-cords. The fact was considered re- 
markable and dwelt upon in all accounts of Peripatus before the exist- 
ence of trache® in the animal was known, and when it was thought 
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to be hermaphrodite, but it is doubly remarkable now. The fact shuts 
off at once all idea of Peripatus being a degenerate Mjrriopod, the 
evidence against which possibility is overwhelming. The bilateral 8ym"> 
metry and duplicity of the organs of the body, the absence of stria* 
tion in the muscles, of periodical moults of the larval skin in deve<- 
lopment, and of any trace of a primitive three-legged condition, taken 
in conjunction with the divarication of the nerve-cords, are conclusive. 
The parts of the mouth are not to be regarded as degraded to any great 
degree ; and homologies for some of them, at least, may perhaps be found 
amongst the higher Annelids. The structure of the skin is not at all 
unlike thalT in some worms, especially in its chitinous epidermic layer, 
which occasionally strips off in large pieces as a thin transparent pellicle. 
The many points of resemblance of Penpatus to Annelids need not be dwelt 
upon ; they led to its former placbg in classification ; but it is difficult 
to understand how the very unanneUd-like structure of the foot-claws 
did not lead others, beside De Quatrefages, to draw a line between Pm« 
p(Uu$ and the Annelids. In beiug unisexual, Peripatus is like the higher 
Annelids, as well as the whole of the higher Tracheata. To Insects 
Peripatus shows affinities in the form of the spermatozoa, and the elabo- 
ration, structure, and bilateral symmetry of the gonerative organs, though 
there is a very slight tendency towards the unilaterality of Myriopods in 
the male organs. 

To Insects, again, it is allied by the five-jointing of the feet and oral 
papilles and the form and number of its claws. It should be remembered 
that spiders' feet are two-clav^ed, as are those of some Tardigrades, and 
that some of these flatter forms have two-clawed feet in the early condi- 
tion even when they possess more claws in the adult state. In Newport's 
well-known figure of the young lulus xvith three pairs of limbs, the 
tips of these latter are drawn with two hftir-like claws ; these are not 
mentioned in the text. To the ordinary lepidi^pterous larva the resem- 
blances of Peripatus are striking — as, for example, the gait, the glands 
(so like in their function and position to silk-glands), the form of the 
intestine, and the less perfect concentration of the nervous organs, as in 
larval insects. To Myriopods Peripitv^s is allied by the great variety 
in number of segments in the various species, in its habits, and in these 
especially to lulus. The parts of the mouth perhaps show a form out of 
which those of Scolopendra were derived by modification ; but the resem- 
blance may be superficial. Our knowledge is not yet sufficient to detei^ 
mine such points. The usual difficulties occur in the matter. Segments 
may have dropped out or fused, and their original condition may not 
be represented at all in the process of development. In structure Peri- 
patus is more like Scolopendra than Tulus, viz. in the many joints to the ' 
antennae (in Chilognaths never more than fourteen), in the form of 
spermatozoa, and in being viviparous, as are some Seolopendroi ; fur- 
ther, in the position of the orifices of the generative glands and in 



Digiti 



ized by Google 



1874.] and Devetcpmeni o/Peripatus capensis. 84i9 

the less perfect concentration mesiallj of the nerve-corcU in Seqlo* 
jptndra, 

Peripatus thus shows affinities, in some points, to all the main branches 
of the family tree of Tracheata ; but a gulf is fixed between it and them 
by the divarieation of the nerve-cords : tending in the same direction are 
such facts as the non-striation of the muscles, the great power of extension 
of the body, the arrangement of the digestive tract in the early stage, the 
persistence of metamorphosis, and the nature of the parts of the mouth, 
the full history of the manner of origin of these being reserved. 

There are many speculations as to the mode of origin of the trachea 
themselves in the Tracheata. Frofesser Hackel (' Biologische Studien/ 
p. 491) follows Gegenbaur, whose opinion is expressed in his ' Grundziige 
der vergleichenden Anatomie,' p. 441. Gegenbaur concludes that 
trachesB were developed from originally closed tracheal systems, through 
the intervention of the tracheal glUs of primsBval aquatic insects now 
represented as larvae. If P^ripcitus be as ancient in origin as is here 
supposed, the condition of the tracheal system in it throws a very 
diffdrent light on the matter. Pdripatus is the only Tracheate with* 
tracheal stems opening diffusely all over the body. The Protracheata pro- 
bably had their trachete thus diffused, and the separate small systems after* 
wards became concentrated along especial lines and formed into wide main 
branching trunks. In some forms the spiracular openings concentrated 
towards a more ventral line {lulus) ; in others they took a more lateral 
position (Lspidopterous larvae, Ac). A concentration along two lines of 
the body, ventral and lateral, has already commenced in Peripatus, The 
original Protracheate being supposed to have had numerous small tracheae 
diffused all over i^s body, the question as to their mods of origin again 
presents itself. The peculiar form of the tracheal bundles in Piripatus, 
which consist of a number of fine tubes opening into the extremity of a 
single short common duct leading to the exterior of the body, seems to 
give a clue. The tracheae are, very probably, modified cutaneous glands, 
the homologues of those so abundant all over the body in such forms as 
Bipalium or Hirudo, The pumping extension and contraction of the body 
may well have drawn a very little air, to begin with, into the mouths of the 
ducts ; and this having been found beneficial by the ancestor of the Pro* 
tracheate, further davelopment is easy to imagine. The exact mode of 
development of the tracheae in the present form must be carefully studied; 
there was no trace of these organs in the most perfect state of Peripatm 
which I obtained. 

Professor Gegenbaur's opinion on the position of Perip^m (* Grund^ 
ziige der vergleichenden Anatomie,' p. 199) is, that its place among 
the worms is not certain, but that, at any rate, it connects ringed 
worms with Arthropods and flat worms. The general result of the pre- 
sent inquiry is to bear out Professor Gegenbaur's opinion ; but it points 
to the connexion of the ringed and flat worms, by means of this intec- 
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mediate step, with three classes only of the Arthropcyds — ^the Myriopods, 
Spiders, and Insects, i. e. the Tracheata. From the primitive condition of 
the tracheae in lulus, and the many relations between Peripatus and Scolo- 
pendra, it would seem that the Myriopods may be most nearly allied to 
Peripatus, and form a distinct branch arising from it and not passing 
through Insects. The early three-legged stage may turn out as of not 
so much significance as supposed. If these speculations be correct, the 
Crustacea have a different origin from the Tracheata. Peripatus itself 
may well be placed amongst Professor Hackel's Protracheata ; Grube's 
term Onychophora becomes no more significant than De Blainville's Mala- 
copoda. Some notions of the actual history of the origin of Peripatus 
itself may be gathered from its development. 

In conclusion I would beg indulgence for the many defects in this 
paper, due to the hurry with which it was written (all available time, almost 
up to the last moment of our sailing for the Antarctic regions, having 
been consumed in actual examination of the structure of Peripatus), and 
due, further, to the impossibility of referring to original papers in any 
scientific library. At all events it is hoped tluit Peripatus has been shown 
to be of very great zoological interest, as lying near one of the main stems 
of the great zoological family tree, and that further examination of the 
most minute character into the structure of this animal will be well 
repaid. 

H.M.S. ' Challenger/ Simon's Bay, Cape of Good Hope, 
December 17, 1873. 



II. ^' The Uniform Wave of Oscillation.^' By John Imrat^ M. A., 
Memb.Inst.C.E. Communicated by W. Froude, M.A., F.R.S. 
Received April 11,. 1874. 

(Abstract.) 

The results of the investigation worked out in this paper correspond 
with those previously deduced by other analysts, particularly by Mr. 
W. Froude, F.E.^. The paper is therefore presented, not because it 
discloses any novel result, but rather as an example of a method which 
the author has found useful in the discussion of other dynamical problems. 

The object of the paper is to trace the conditions under which the 
separate molecules of a liquid such as water move, when a body of that 
liquid is in a state of oscillatory wave-movement. It is assumed that the 
wave-movement is established in a channel of uniform width and of 
length and depth so great that the conditions of motion are not affected 
by the interference of fixed ends or a fixed bottom. 

The wave treated of has as its characteristics permanence of form and 
uniformity of apparent velocity. 
' In order that these conditions may be fulfilled, it is assumed, as being 
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capable of ready geometrical demonstration, that all molecules which in 
repose would be at the same level, move in equal and similar trajectories, 
but that each molecule towards the one hand, as towards the right, is bj 
a certain interval of time in advance of the contiguous molecule on the 
left. It is also taken as a necessary condition of the wave-movement 
that the excursions of the molecules are periodic, and effected in closed 
orbits returning into themselves. 

With these general postulates, the author proceeds to investigate first 
the conditions necessary to maintain continuity of the liquid, or the con- 
stancy of the vertical sectional area of an elementary portion of the 
liquid, in all parts of its orbit. He then traces the operation on such an 
element of the forces to which it is subjected, these forces being gravity, 
or the weight of the element itself, and the pressure directed on it by 
the surrounding liquid. 

The liquid in repose is supposed to be divided into numerous hori- 
zontal strata, each stratum forming an undulating film when the wave- 
movement is established. The length of any such stratum is supposed 
to be divided into numerous portions, the width of each of which is the 
distance apparently traversed by the wave in a very short interval of 
time. By taking the depth of a stratum, and the interval of time which 
determines the width of one of its divisions, such that the element of 
liquid may be considered a parallelogram of constant area, the several 
differential equations expressing the continuity of the liquid and the 
effect of the forces on the element are developed in an integrable form. 

Th^ parallelogram representing the liquid element is determined in its 
form and position by the position of the points at its four angles. 

One of those points, namely that at the lower left-hand angle, is 
assumed to move in a path the horizontal and vertical coordinates of 
which, x and y, are referred to an origin situated at a height h mea- 
sured from the bottom of the liquid, and the position of the point in its 
path is taken at a time t reckoned from the epoch when the point was 
vertically under its origin. The. point at the lower right-hand angle of 
the parallelogram is referred to an origin on the same level with the 
former, but separated horizontally from it by a space, vAt, where v is the 
apparent velocity of the wave, and At is the short interval of time by 
which the one point is in advance of the other in its trajectory. The 
coordinates x and y of the first point being functions of h and t, those 
of the other point are the same functions of h and t + At. The upper left- 
hand point being referred to an origin which is at a height AA above the 
level of the former origins, but being taken as contemporaneous in its 
movement with the point below it, its coordinates are functions of 
A+ AA and t; and in like manner the coordinates of the upper right- 
hand point are functions of A+AA and t+At. 

As it does not a priori appear that the origin of the upper point must 
be vertically above that of the lower (though in the course of the invesr 
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tigation it is shown that this must be the case), the author has, in the 
first instance, assumed that the upper origin is somewhat in advance of 
the lower, the amount of such advance being a quantity of the order M, 
which he has taken as mAh (it being afterwards proved that ni=0). 

With this nomenclature, the equation of continuity is deduced in the 
following terms : — 



(•-=S)M)-("+S)l- 



a constant area independent of t 

The pressure^ at the lower left-hand angle of the element being a 
function of h and ^ equations are deduced giving values for the horizontal 

accelerating force, -^, and the vertical accelerating force including 
gravity, ^-f ~^, in terms of the differential coefficients of x, y, and j>. 

From these equations it is shown that ;^=0, or that the pressure 

along any wave-stratum is uniform ; and this result leads to the simpli- 
fication of the differential equations. 

From the integration of those equations it is shown that every mole^ 
cule of the liquid revolves with uniform velocity, and with the same 
angular velocity at all depths, in a truly circular orbit, the radius of 
which depends on the depth of the molecule below the surface of the 
liquid. The law of variation of the radius is, that while the depths 
increase in arithmetical progression, the radius diminishes in geometrical 
progression, or that the logarithm of the reciprocal of the radius is 
directly proportional to the depth of the centre. 

The resultant of the forces acting on a molecule is shown to be always 
normal to the profile of the wave-surface of which the molecule forms a 
part, such resultant being compounded of gravity, a constant force 
acting vertically downwards, and of the centrifugal force of the molecule, 
also a constant force acting radially outx^-ards from the centre of the orbit. 
The direction and magnitude of this resultant are represented by the 
position and length of a line drawn from any point in the orbit to a fixed 
point in the vertical line passing through the centre of the orbit. The 
liquid element in traversing its circular path varies in width and in 
height to suit the varjdng direction of the forces acting on it, its greater 
height giving a greater hydrostatic pressure at the upper part of the 
orbit, where the centrifugal force is opposed to gravity, and its less 
height giving a less hydrostatic pressure at the lower part of the orbit, 
where the centrifugal force acts along with gravity. Thus the uni* 
formity of pressure throughout the orbit is maintained. 

As a molecule revolves uniformly round the centre of its orbit, this 
centre is the mean centre of gravity of the molecule during a complete 
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period. It is shown that daring wave-moyement this centre is elevated 
above the level that would be occupied by the molecule in repose, a 
height due to the via viva of the molecule. 

The profile of any wave-stitttum is a trochoid, the length of which is 
the distance from hollow to hollow or from crest to crest, and the height 
is the diameter of the orbit of the molecule belonging to that stratum. 
The highest possible wave is that where the trochoid becomes the 
cycloid, or where the length of the wave is equal to the circumference of 
the orbit. No trochoid of greater height is physically possible, as such 
a curve must have a looped crest, where the liquid molecules would have 
to cross the paths of each other, producing broken water. 

The velocity .and period of a wave, and the augular and actual velo- 
cities of the liquid molecules, are deduced in terms of the length of the 
wave. 

The general results of the investigation are shown by the following 
formulsB, in which the symbols employed are : — 

L= length of wave from crest to crest. 

1;= velocity, or distance apparently traversed by the wave in a given 
unit of time. 

T = the period, or time occupied by the passage of the whole wave. 

^= gravity (32 feet per second). 

B= radius of the orbit of a molecule at 

H— height measured from bottom, and 

r=radius at 

A = height. 

d?=shorizontal, and 

y= vertical ordinate of molecule in stratum at height h and at time t, 
from the epoch when the molecule is at its lowest point, or when 
af=0. 



Then 



e 



.^r^ 



fl?»r sin ?^ 

V 

yta—r cos ?<, 



origin being the centre of orbit, 



S'sssangular velocity = a/ jS, . 
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III. " On Combinations of Colour by means of Polarized Light." 
By W. Spottiswoode, M.A., Treas. & V.P.R.S. Received 
April 8, 1874. 

The results of combining two op more colours of the spectrum have 
been studied by Helmholtz, Clerk Maxwell, Lord Eayleigh, and others ; 
and the combinations have been effected sometimes by causing two 
spectra at right angles to one another to overlap, and sometimes by 
bringing images of various parts of a spectrum simultaneously upon the 
retina. Latterly also W. v. Bezold has successfully applied the method 
of binocular combination to the same problem (Foggendorff, Jubelband, 
p. 585). Some effects, approximating more or less to these, may be pro- 
duced by chromatic polarization. 

Complementary Colours. — First as regards complementary colours. If 
we use a NicoFs prism, N, as polarized, a plate of quartz, Q, cut per- 
pendicularly to the axis, and a double-image prism, P, as analyzer, we 
shall, as is well known, obtain two images whose colours are comple- 
mentary. If we analyze these images with a prism, we shall find, when 
the quartz is of suitable thickness, that each spectrum contains a dark 
band, indicating the extinction of a certain narrow portion of its length ; 
these bands will simultaneously shift their position when the Nicol N is 
turned round. Now, since the colours remaining in. each spectrum are 
complementary to those in the other, and the portion of the spectrum 
extinguished in each is complementary to that which remains, it follows 
that the portion extinguished in one spectrum is complementary to that 
extinguished in the other ; and in order to determine what portion of 
the spectrum is complementary, the portion suppressed by a band in any 
position we please, we have only to turn the Nicol N until the band in 
one spectrum occupies the position in question, and then to observe the 
position of the band in the other spectrum. The combinations considered 
in former experiments are those of simple colours ; the present com- 
binations are those of mixed tints, viz. of the parts of the spectrum sup- 
pressed in the bands. But the mixture consists of a prevailing colour, 
corresponding to the centre of the band, together with a slight admixture 
of the spectral colours immediately adjacent to it on each side. 

The following results, given by Helmholtz, may be approximately 
verified : — 

Complementary Colours. 

Red, Green-blue ; 

Orange, Cyanic blue ; 

Yellow, Indigo-blue. 

Yellow-green, Violet. 

When in one spectrum the band enters the green, in the other a band 
will be seen on the outer margin of the red and a second at the opposite 
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end of the violet — showing that to the green there does not correspond 
one complementary colour, but a mixture of violet and red, t. e, a reddish 
purple. 

Combination of two Colours, — Next as to the combination of two parts 
of the spectrum, or of the tints \yhich represent those parts. If, in 
addition to the apparatus described above, we use a second quartz plate, 
Q, and a second double-image prism, P^, we shall form four images, say 
00, OE, EO, EE; and if A, A' be the complementary tints ex- 
tinguished by the first combination QP alone, and B, B' those ex- 
tinguished by the second Q^ P^ alone, then it will be found that the fol- 
lowing pairs of tints are extinguished in the various images : — 
Image. Tints extinguished. ' 

00 B, A, 

O E B', A', 

EO B', A, 

EE B, A'. 

It is to be noticed that in the image O E the combination Q,^ P, has 
extinguished the tint B' instead of B, because the vibrations in the 
image E were perpendicular to those in the image O formed by the com- 
bination Q P. A similar remark applies to the image E E. 

The total number of tints which can be produced by this double com- 
bination Q P, Q^ Pj is as follows : — 

4 single images, 
6 overlaps of two, 
4 overlaps of three, 
1 overlap of four. 

Total.. 15 
Collateral Comhinaiions, — ^The tints extinguished in the overlap 
O 0+EO will be B, A, B', A; but since B and B' are complementary, 
their suppression will not affect the resulting tint except as to intensity, 
and the overlap will be effectively deprived of A alone ; in other words, 
it will be of the satie tint as the image O would be if the combination 
Q, Pj were removed. Similarly the overlap OE-fEE will be deprived 
effectually of A' alone ; in other words, it will be of the same tint as E, 
if Q, Pj were removed. If therefore the Nicol N bet turned round, these 
two overlaps will behave in respect of colour exactly as did the images 
O and E when Q P was alone used. We may, in fact, form a Tabid 

thus : — 

Image. Colours extinguished. 

O 0+E O B +A 4-B'+A =B+B'+A = A 

OE+EE B'+A'+B-|.A'=B+B'+A'=A'. 

And since the tints B, B' have disappeared from each of these formul®, 
it follows that the second analyzer P may be turned round in any direc- 
tion without altering the tints of the overlaps in question. 



Digiti 



ized by Google 



866 Mr. W. Spottiswoode on [May SI, 

In like maiuiar ws may form the Table 

0+BB B+A4-B+A'-B+A+A'«B 

0E4-E0 B' + A'+B'+A=B'+A+A'=B'. 

Hence if the Nicol N be turned round, these oyerlaps will retain their 
tints ; while if the analyzer Pj be turned, their tints will vary, although 
always remaining complementary to one another. 
There remains the other pair of overlaps, viz. : — 

00 + OE B+A+B'+A' 

E04-EE B'+A+B+A'. 

Each of these is deprived of the pair of complementaries A, A', B, B'; 
and therefore each, as it would seem, ought to appear white of low illumi- 
nation, t. e. grey. This effect, however, is partially masked by the fact that 
the dark bands are not sharply defined like the Fraunhofer lines, but have 
a core of minimum or zero illumination, and are shaded off gradually on 
either side until at a short distance from the core the colours appear in 
their full intensity. Suppose, for instance, that B' and A' were bright 
tints, the tint resulting from their suppression would be bright ; on the 
other hand, the complementary tints A and B would be generally dim, 
and the image B-hA»bright, and the overlap B+A+B'+A' would have 
as its predominating tint that of B+A ; and similarly in other casee. 

There are two cases worth remarking in detail, viz., first, that in which 
B=A'. B'=A, 

t. e, when the same tints are extinguished by the combination Q P and 
by Qj Pj. This may be veri^ed by either using two similar quartz plates 
Qi Qi» or by so turning the prism P^ that the combination Q^ P^ used 
alone shall g^ve the same complementiury tints as QP when used alone. 
In this case the images have for their formulas the following : — 

00 OEO EO EB 

A+A' A+A' 2A 2A'; " 

in other words, and E will show similar tints, and E 0, E E com<^ 
plementary. A similar result will ensue if B^A, B':=A. 

Again, even when neither of the foregoing conditions are fulfilled, we 
may still, owing to the breadth of the interference-bands, have such an 
efEect produced that sensibly to the eye 

B+A=B'+A'{ 
and in that case 

B'+A=B+A-A'+A 

«=B+A'+2A-2A, 
which imply that the images O and O E may have the same tint, but 
that E and E E need not on that account be complementary. They 
will differ in tint in this, that E E, having lost the same tints as E 0, 
will have lost also the tint A, and will have received besides the addition 
of two measures of the tint A'. 
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Effect of C(mhinationi of two Colours, — A similar train of Teasoning 
might be applied to the triple overlapsi. But the main interest of these 
parts of the figure consists in this, that each of the triple overlaps is 
complementary to the fourth single image, since the recombination of 
all four must reproduce white light : hence the tint of each triple over- 
lap is the same to the eye as the mixture of the two tints suppressed in 
the remaining image ; and since by suitably turning the Nicol N or the 
prism P,, or both, we can give any required position to the two bands of 
extinction, we have the means of exhibiting to the eye the result of the 
mixture of the tints due to any two bands at pleasure. 

Effect of Combinations of three Colours, — A further step may be made in 
the combination of colours by using a third quartz, Q„ and a third double- 
image prism, Pg, which will give rise to eight images ; and if C C be 
the complementaries extinguished by the combination Q, P,, the formuljD 
for the eight images may be thus written : — 



000 


C +B +A. 


OOE 


C +B'+A'. 


OEO 


Cy+B'+A. 


OBE 


C+B +A', 


EOO 


C+B+A. 


EOE 


C+B'+A'. 


EEO 


C +B'+A. 


EEE 


C +B +A', 



The total number of combinations of tint given by the compartments 
of the complete figure will be : — 



T 


" 


8 single images. 


8.7 
1.2 


= 


28 ( 


>verlapB of two. 


8.7.6 
1.2.d 


- 


66 


>* 


three. 


8.7.6.5 
I.SJ.3.4 


- 


70 


» 


four. 


8.7.6 
1.2.3 


- 


66 


n 


five. 


8.7 


- 


28 


n 


six. 


8 
1 


. 


8 


•• 


seven. 


1 
Total J 


1 

266 


ti 


eight. 
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The most interesting features of the figure consist in this, that the 
subjoined pairs are complementary to one another, viz. : — 



ooo 


BOB 


C+B+A 


C+B' + A' 


BOO 


OOE 


C+B+A 


C+B'+A' 


BEO 


OEB 


C+B'+A 


C+B+A' 


EBB 


OBO 


C+B+A' 


C + B'+A 



And if the prisms F, P^ F, are so arranged that the separations due to 
them respectively are directed parallel to the sides of an equilateral tri- 
angle, the images will be disposed thus :—t- 



GEO 


000 


EOO 


OEE 


BEE 


EOE 



EEO EOO OEE OOE 



The complementary pairs can then be read off, two horizontally and 
two vertically, by taking alternate pairs, one in each of the two vertical, 
and two in the one horizontal row; and each image will then repre- 
sent the mixture of the three tints suppressed in the complementary 
image. 

Low-tint Colours. — A slight modification of the arrangement above de- 
scribed furnishes an illustration of the conclusions stated by Helmholtz, 
viz. that the low-tint colours (couleurs degradees), such as russet, brown, 
olive-green, peacock-blue, &c., are the result of relatively low illumina- 
tion. He mentioned that he obtained these effects by diminishing the 
intensity of the light in the colours to be examined, and by, at the same 
time, maintaining a brilliantly illuminated patch in an adjoining part of 
the field of view. If therefore we use the combination N, Q, F, P^ (t. e. 
if we remove the second quartz plate), we can, by turning the prism P 
round, diminish to any required extent the intensity of the light in 
one pair of the complementary images, and at the same time increase 
that in the other pair. This is equivalent to the conditions of Helm- 
holtz's experiments ; and the tints in question will be found to be 
produced. 
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IV. '' Further Experiments on the Transmission of Sound/' 
By John Tyndall, D.C.L., LL.D., Professor of Natural 
Philosophy in the Royal Institution. Beceived May 21, 1874. 

The author describes a number of experiments made with heterogene- 
ous atmospheres obtained by saturating alternate layers of air with the 
vapours of yarious volatile liquids. Starting from his observation on the 
transmission of sound through a snow-storm on the Mer de G-lace, in 
the winter of 1859, he shows the extraordinary power of sound to pass 
through the interstices of solid bodies as long as the continuity of the 
air is preserved. Sound, for example, penetrates through twelve layers 
of a silk handkerchief, while a single layer of the same handkerchief 
dipped into water, so as to fill the interstices, cuts off the sound. 

He abo describes numerous experiments with artificial fogs of a 
density so great that a depth of three feet sufficed to intercept the con- 
centrated beam of the electric light ; the effect of such fogs on sound 
was sensibly nil. Experiments were also executed on the illumination 
of such fogs by sudden flashes, obtained by the combustion of gun- 
powder or gun-cotton, or by the alternate extinction and revival of the 
electric and other lights. Such flashes promise to be extremely useful 
as fog-signals. 

The author corrects the mistake of supposing that, in the experiments 
at the South Foreland, the lower trumpets were not compared with the 
higher ones. This, in fact, was the first step of the inquiry. 

He also communicated an extraordinary instance of the interception of 
sound during one of the battles of the late American war. 

In these experiments the author has been ably aided by his assistant, 
Mr. John Gottrell. An account of the experiments will be found in a 
paper now printing for the Philosophical Transactions. 

V! " On some recent Experiments with a Fireman^d Respirator.** 
By John Tyndall, D.C.L., LL.D., Professor of Natural 
Philosophy in the Royal Institution. Received May 21^ 1874. 

In vol. clx. of the « Philosophical Transactions,' 1870, p. 337, 1 refer to 
certain experiments on the ^* floating matter of the air," which were 
afterwards considerably expanded and in part described in my * Frag- 
ments of Science.' These experiments, in which my object was to obtain 
optically pure air by filtration through cotton-wool, suggested to me the 
notion of a fireman's respirator. Cotton-wool had been previously 
employed by Schroeder and Pasteur in their experiments on spontaneous 
generation. 

I had heard that smoke was a formidable obstacle to the fireman, and 
that cases of suffocation were not rare ; hence the desire to construct a 
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respirator. My first trials were made with cotton-wool alone. Asso- 
ciated with the respirator was a mouthpiece with two valves : through 
one the inhaled air reached the lungs, having first passed through the 
cotton-wool, while through the other the exhaled air was discharged di- 
rectly into the atmosphere. The smoke was generated in small rooms, 
and in some experiments in a cupboard ; but though the irritation of 
the smoke was greatly mitigated by the cotton-wool, it was unbearable 
for any considerable time. 

The cotton-wool was next carefully moistened with glycerine, no clots 
which could intercept the air being permitted. The respirator was 
distinctly improved by the stickiness of the fibres of the wool : still, when 
the smoke was very dense, an amount of irritation continued, which 
materially interfered with the usefulness of the respirator. Thinking it 
certain that the mechanically suspended matter would be intercepted by 
the moistened wool, I concluded that this residual irritation was due to 
the vaporous hydrocarbons generated during combustion : hence the 
thought of associating with the cotton-wool Dr. Stenhouse's excellent 
device of a charcoal respirator. The experiment was successful. With 
this combination it was possible to remain with comparative comfort 
for half an hour, or even an hour, in atmospheres a single inhalation 
of which without the respirator would be intolerably painful. 

Captain Shaw, of the Metropolitan Fire Brigade, has worked ener- 
getically towards the completion of the respirator by associating with it 
a smoke-cap. Mr. Sinclair has done the same, and he informs me that 
the respirator is now in considerable demand. 

Having heard from Captain Shaw that, in some recent very trying 
experiments, he had obtained the best effects from dry cotton-wool, and 
thinking that I could not have been mistaken in my first results, which 
proved the dry so much inferior to the moistened wool and its associated 
charcoal, I proposed to Captain Shaw to bring the matter to a test at his 
workshops in the city. He was good enough to accept my proposal, and 
thither I went on the 7th of May. The smoke was generated in a con- 
fined space from wet straw, and it was certainly very diabolical. At this 
season of the year I am usually somewhat shorn of .vigour, and there- 
fore not in the best condition for severe experiments ; still I wished to 
test the matter in my own person. With a respirator which had been 
in use some days previously, and which was not carefully packed, I fol- 
lowed a fireman into the smoke, he being provided with a dry-wool 
respirator. I was compelled to quit the place in about three minutes, 
while the fireman remained there for six or seven minutes. 

I then tried his respirator upon myself, and found that with it I could 
not remain more than a minute in the smoke ; in fact the first inhalation 
provoked coughing. 

Thinking that Captain Shaw himself might have lungs more like mine 
than those of his fireman, I proposed that he and I should try the 
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respirators; but he informed me that his lungs were very strong. 
He was, however, good enough to accede to my request. Packing the 
respirator with greater care, I entered the den with Captain Shaw. I 
could hear him breathe long, slow inhalations ; and after the lapse of 
seven minutes I heard him cough. In seven and a half minutes he 
had to quit the place, thus proving that his lungs were able to endure 
the irritation seven times as long as mine could bear it. I continued 
in the smoke with hardly any discomfort for sixteen minutes, and cer- 
tainly could have remained in it much longer. 

During this time I was in a condition to render very material assistance 
to a person in danger of suffocation. 

The smoke-cap I wore was one made by Mr. Sinclair, which has a 
mouthpiece similar to that used in the inhalation of nitrous oxide. But, 
to show the care necessary in packing the respirator, it is only necessary 
to remark that, with the packing furnished to me by Mr. Sinclair, it 
was not possible for either myself or Mr. Cottrell to continue in a dense 
smoke for more than three minutes ; and even these were minutes of 
laborious breathing. Flannel disks are employed in these respirators, 
but I cannot recommend them. CJotton-wool carefully moistened and 
teased is, in my opinion, much better. 

It is always possible to associate fragments of lime with the respirator, 
thus, if necessary, intercepting a portion of the carbonic add. But in 
most fires we have a more or less free circulation of au* ; and I venture 
to think that not in one case in a thousand of actual fires would the com- 
bination of smoke and carbonic acid be so noisome as it was in the 
experiments here described. 

The Society then adjourned over the Whitsuntide Becess, to Thurs- 
day, June 11. 



June 4, 1874. 

The Annual Meeting for the election of Fellows was held this day. 

JOSEPH DALTON HOOKER, C.B., President, in the Chjur. 

The Statutes relating to the election of Fellows having been read. Sir 
James Alderson and General Boileau were, with the consent of the 
Society, nominated Scrutators to assist the Secretaries in examining the 
Lists. 

The votes of the Fellows present having be^n collected, the following 
candidates were declared duly elected into the Society : — 

2p2 

Digitized by VjOOQIC 



862 Messrs. H. E. Roscoe and A. Schuster an the [June 11, 



Isaac Lowthian Bell, F.C.S. 
W. T. Blanford, F.G.S. 
Henry Bowman Brady, F.L.S. 
Thomas Lauder Bronton, M.D., 

Sc.D. 
Prof. W. Kingdon Clifford, M.A. 
Augustus Wollaston Franks, M. A. 
Prof. Olaus Henrici, Ph.D. 
Prescott G. Hewett, F.E.C.S. 



John Eliot Howard, F.L.S. 
Sir Henry Sumner Maine, LL.D. 
Edmund James Mills, D.Sc. 
Rev. Stephen Joseph Perry, 

F.E.A.S. 
Henry Wyldbore Eumsey, M.D. 
Alfred E. C. Selwyn, F.G.S. 
Charles William Wilson, Major 

E.E. 



Thanks were given to the Scrutators. 

June 11, 1874. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

Mr. William Thomas Blanford, Dr. Thomas Lauder Brunton, Professor 
W. Kingdon Clifford, Mr. Prescott G. Hewett, Mr. John EHot Howard, 
Dr. Edmund James Mills, the Rev. Stephen Joseph Perry, and Major 
Charles William Wilson were admitted into the Society. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — 

I. '' Note on the Absorption-Spectra of Potassium and Sodium 
at low Temperatures.*' By H. E. Roscoe, F.R.S., and Arthub 
ScHUSTBR, Ph.D. Received April 30, 1874. 

In order to obtain the absorption-spectrum afforded by the well-known 
green-coloured potassium vapour, pieces of the clean dry metal were 
sealed up in glass tubes filled with hydrogen, and one of these was then 
placed in front of the slit of a large SteinheU's spectroscope furnished 
with two prisms having refracting angles of 46° and 60°. The magnify- 
ing-power of the telescope was 40, and was sufficient clearly to separate 
the D lines with one prism. A continuous spectrum from a lime-light 
was used, and that portion of a tube containing the bright metidlic 
globule of potassium was gently heated until the green vapour made its 
appearance. A complicated absorption-spectrum was then seen, a set of 
bands (a) in the red coming out first ; whilst after a few moments two 
other groups appeared on either side of the D lines, the group /3 (less 
refrangible) being not so dark as the group y. These bands are all 
shaded off towards the red, and in general appearance resemble those of 
the iodine-spectrum. In order to assure ourselves that the bands are not 
caused by the presence of a trace of an oxide, tubes were prepared in 
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which the metal was melted in hydrogen several times on successiTe days 
until no further change in the bright character of the globule could be 
perceived. On vaporizing the metal, which had been melted down to a 
dean portion of the tube, the bands were seen as before, and came out 
even more clearly, the globule, after heating, exhibiting a bright metallic 
surface. An analysis of the potassium used showed that it did not con- 
tain more than 0*8 per cent, of sodium, although, of course, the double 
line D was always plaioly seen. 

In order to ascertain whether an alteration in the absorption-spectrum 
of the metal takes place at a red heat, fragments of potassium were 
placed in a red-hot iron tube, through which a rapid current of pure 
hydrogen gas was passed, the ends of the tube being closed by glass 
plates. The magnificent green colour of the vapour was clearly seen at 
this temperature, on looking through the tube at a lime-light placed at the 
other end. Owing, doubtless, to the greater thickness or increased pres- 
sure of the vapour, the bands seen by the previous method could not be 
resolved by the small spectroscope employed, the whole of the red being 
absorbed, whilst a broad absorption-band in the greenish yellow was seen 
occupying the place of the group y. 

The positions of the bands obtained by the first method were measured 
by means of a telescope and distant scale, and the wave-lengths obtained 
by an interpolation curve, for which well known air-lines were taken as 
references. The following numbers give the wave-lengths of the most 
distinct, that is, the most refrangible edge of each band. As the 
measurements had to be made quickly, owing to the rapid darkening 
of the glass by the action of the metallic vapour, these numbers do not lay 
claim to very great accuracy, but fairly represent the relative positions 
of the band, and show that they do not always occur at regular intervals, 
although they are pretty regularly spread over the field and all are 
shaded alike. 

Bands of potassium shaded off towards red. "Wave-lengths in tenth- 
metres : — 



,6844' 
6762 
6710 
6666 
6615 
6572 
6534 
6494 



6459*1 


6311] 


6430 


6300 


6400 


6275 


6379 


6059"^ 


6357 


^" 6033 


6350 


6012 


6331 


5988 
5964 


6322^ 



>/3 



69491 

5930 

5901 

5860 i 

5842 

5821 

6802 

5781 



f 



5763- 
5745 
5732 
6712 
5700 
5690 
5674 
5667 



h 



The bright potassium-lines in the red and violet were not seen re- 
versed, the intensity of the lime-light being too small at both extremes to 
render an observation possible. 

In order to ascertain whether the vapour of sodium, which, when seen 
in thin layers, appears nearly colourless, exhibits similar absorption-bands. 
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tubes contaming the pure metal, which had been manufactured and pre- 
served out of contact with any hydrocarbon, were prepared, the metal being 
obtained free from oxide and the absorption-spectrum being observed in the 
manner already described. As soon as the metal began to boil, a series of 
bands in the blue (Na y) made their appearance, and shortly afterwards 
bands in the red and yellow (Na a), stretching as far as the D lines, came 
out. At this period of the experiment the D lines widened, thus blotting 
out a series of fine bands occurring in the orange (Na /3), some of which, 
consequenly, could not be mapped. All the bands of the sodium-spec- 
trum shade off, like the potassium-bands, towards the red. 

When the vapour of sodium is examined in a red-hot iron tube, the 
colour of the lime-light, as seen through it, is a dark blue. As the sodium 
is swept away by the current of hydrogen passing through, the colour 
becomes lighter, and the transmitted rays can be analyzed by the spectro- 
scope. At first, the whole red and green and part of the blue is cut out 
entirely. The B lines are considerably widened, and an absorption-band 
is seen in the green, apparently coinddiog with the double sodium-line, 
which comes next in strength to the D lines. All the colours, therefore, 
seem to be shut out, except part of the orange, part of the green, and the 
ultra-blue. As the sodium-vapour becomes less dense, more light passes 
through, and the same absorption-bands are seen as are observed in the 
other method. The vapour then has a slight bluish-green tint, but is 
nearly colourless. 

The following numbers give the wave-lengths of the more refrangible 
edge of the sodium absorption-bands in tenth-metres, obtained in the 
manner above described: — 



6668" 
6616 
6552 
6499 
6450 
6406 



6361 T 
6272 I 



>« 



6235 
6192 
6162 
6149 



>a 



6105^ 

6092 

6071 

6051 

6035 

6016 



>^ 



5999 /J 4964^ 

5150*^ 4927 

5129 I 4889 

5082 Vy 4863 

5038 4832 

5002J 4810 



>y 



Plate lY. shows the general appearance of the two absorption-spectra. 



II. '' Note on the alleged Existence of Remains of a Lemming 
in Cave-deposits of England.'' By Professor Owen, C.B., 
F.R.S. Eeceived April 25, 1874. 

In the " Report on the Exploration of Brixham Cave" (Phil. Trans. 
1873) it is stated (p. 560) : — " With the appearance in the cave of the 
smaller common rodents now living in this country, we have to note a 
remarkable exception, that of the Lemming {Lagomys speUmis)," And 
again, in the list of animal remains as determined by Dr. Falconer and by 
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Mr. Busk, there occurs (p. 556) : — " 16. Lagomys spekeus. Lemming . . 1." 
This is throughout the "Eeport" treated as an original discovery, 
the importance of which is impressed upon the Boyal Society by the 
remark : — " This circumstance tends to give a greater antiquity to a por- 
tion of the smaller remains than from their condition and position we 
might have been disposed to assign to them" (tft. p. 560, note). These 
remains are referred to '* the smaller common rodents now living in this 
country," viz. " Hare, Babbit, Water-rats," " at least two species of Arvin 
co?a"(i6. p. 548). 

The supposed existence of remains of a Gf^risly Bear in the Brixham 
Cave (Mr. Busk having " reason to believe that bear-remains referred 
to Ursus prisms belong in fact to Ursus ferox*' — ^an "important deter- 
mination") leads to the remark : — " The presence of another small North- 
American animal has been ascertained, viz. the Lemming " (i6. p. 556). 

At the date of publication of my ' British Fossil Mammals,' it is trua 
that no fossil evidence of a Lemming (Oeon/chus, Illiger ; LemmuSylAxik) 
had come to my knowledge ; but I have since obtained such of species 
of both Spermaphilus and OtorychuSy the latter nearly allied to, if not 
identical with, the Siberian Lemming (Oeorychus aspalax), from a deposit 
of lacustrine brick-earth near Salisbury, associated with Elephas primi- 
genius. The Lemmings, I may remark, belong to the family of "Voles" 
(ArvicolidcB), not of "Hares " (Leporidce) ; but the fossil from " the sur- 
face of the cave-earth far in the Beindeer gallery" of the Brixham Gave 
(Beport, p. 558) appears from the figures (plate xlvi. figs. 12, 13) to 
be rightly referred to Lagomys^ and to the same species determined 
and named (p. 213, figs. 82, 83, 84) in the * British Fossil Mammals ' 
(1846). The specimen submitted to me by Dr. Buckland was found 
by the Bev. Mr. M'Enery in Kent's Hole, Torquay, and includes a 
larger proportion of the skull than the specimen figured in the "Beport" 
from the Brixham Cave. It is evidently a Pika, or tailless Hare, not a 
Lenmiing. And the determination of the original or first evidence of 
Lagomys spelofus, now in the British Museum, led me also to remark : — 
" None of the circumstances attending its discovery, nor any character 
deducible from its colour or chemical state, indicate it to be an older 
fossil than the jaws and teeth of the Hares, Babbits, Field-voles, or 
Water-voles already described ; yet it unquestionably attests the former 
existence in England of a species of rodent, whose genus not only is 
unrepresented at the present day in our British fauna, but has long 
ceased to exist in any part of the Continent of Europe " (' British Fossil 
Mammals,' p. 213). The Lemmings still disturb, by their multitudinous 
migratory swarms, the husbandmen of Scandinavia. 
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III. '^ On the alleged Expansion in Volume of various Substances 
in passing by Refrigeration from the state of Liquid Fusion 
to that of Solidification/' By Robbet Mallbt, C.E., F.R.S. 
Received April 28, 1874. 

(Abstract.) 

Since the tame o£ Reaumur it has been stated, with very Tarious 
degrees of evidence, that certain metals expand in volume at or near 
their points of consolidation from fusion. Bismuth, cast iron, antimony, 
silver, copper, and gold are amongst the number, and to these have 
recently been added certain iron furnace-slags. Considerable physical 
interest attaches to this subject from the analogy of the alleged facts to 
the well-known one that water expands between 39° F. and 32°, at which 
it becomes ice ; and a more extended interest has been given to it quite 
recently by Messrs. Nasmyth and Carpenter having made the supposed 
facts, more especially those relative to cast iron and to slags, the 
foundation of their peculiar theory of lunar volcanic action as developed 
in their work, 'The Moon as a Planet, as a World, and a Satellite' 
(4to, London, 1874). There is considerable ground for believing that 
bismuth does expand in volume at or near consolidation; but with 
respect to all the other substances supposed to do likewise, it is the 
object of this paper to show that the evidence is insufficient, and that 
vnth respect to oast iron and to the basic silicates constituting iron 
slags, the allegation of their expansion in volume, and therefore that 
their density when molten is greater than when solid, is wholly 
erroneous. The determination of the specific gravity, in the liquid 
state, of a body having so high a fusing temperature as cast iron is 
attended with many difiiculties. By an indirect method, however, and 
operating upon a sufficiently large scale, the author has been enabled to 
make the determination with considerable accuracy. A conical vessel of 
wrought iron of about 2 feet in depth and 1*5 foot diameter of base, and 
with an open neck of 6 inches in diameter, being formed, was accurately 
weighed empty, and also when filled with water level to the brim ; the 
weight of its contents in water, reduced to the specific gravity of distilled 
water at 60° F., was thus obtained. The vessel being dried was now 
filled to the brim with molten grey cast iron, additions of molten metal 
being made to maintain the vessel full until it had attained its maximum 
temperature (yellow heat in daylight) and maximum capacity. The 
vessel and its content of cast iron when cold were weighed again, and 
thus the weight of the cast iron obtained. The capacity of t}i8 vessel 
when at a maximum was calculated by applying to its dimensions at 60° 
the expansion calculated from the coefficient of linear dilatation, as given 
by Laplace, Biemann, and others, and from its range of increased tem- 
perature ; and the weight of distilled water held by the vessel thus ex- 
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panded was calculated from the weight of its contents when the vessel 
and water were at 60° F. 

We have now, after applying some small corrections, the elements 
necessary for determining the specific gravity of the cast iron which filled 
the vessel when in the molten state, having the absolute weights of equal 
volumes of distilled water at 60° and of molten iron. The mean spe- 
cific gravity of the cast iron which filled the vessel was then determined 
by the usual methods. The final result is that, whereas the specific 
gravity of the cast iron at 60° F. was 7'170, it was only 6*650 when in 
the molten condition ; cast iron, therefore, is less dense in the molten 
than in the solid state. Nor does it expand in volume at the instant of 
consolidation, as was conclusively proved by another experiment. Two 
similar 10-inch spherical shells, 1*5 inch in thickness, were heated to 
nearly the same high temperature in an oven, one being permitted to 
cool empty as a measure of any permanent dilatation wluch both might 
sustain by mere heating and cooling again, a fact well known to occur. 
The other shell, when at a bright red heat, was filled with molten 
cast iron and permitted to cool, its dimensions being taken by accurate 
instruments at intervals of 30 minutes, until it had returned to the 
temperature of the atmosphere (53° F.), when, after applying various 
corrections, rendered necessary by the somewhat complicated cpnditions 
of a spherical mass of cast iron losing heat from its exterior, it was 
found that the dimensions of the shell, whose interior surface was in 
perfect contact with that of the solid ball which filled it, were, wildiin 
the limit of experimental error, those of the empty shell when that also 
was cold (53° F.), the proof being conclusive that no expansion in 
volume of the contents of the shell had taken place. The central portion 
was much less dense than the exterior, the opposite of what jnust have 
occurred had expansion in volume on cooling taken place. 

It is a fact, notwithstanding what precedes, and is well known to iron- 
founders, that certain pieces of cold cast iron do float on molten cast 
iron of the same quality, though they cannot do so through their 
buoyancy. As various sorts of cast iron vary in specific gravity at 
60° F., from nearly 7'700 down to 6'300, and vary also in dilatability,. 
some cast irons may thus float or sink in molten cast iron of different 
qualities from themselves through buoyancy or negative buoyancy alone ; 
but where the cold cast iron floats upon molten cast iron of less specific 
gravity than itself, the author shows that some other force, the nature 
of which yet remains to be investigated, keeps it floating ; this the author 
has provisionally called the repellent force, and has shown that its 
amount is, easUris paribus, dependent upon the relation that subsists 
between the volume and ** effective" surface of the floating piece. By 
'* effective " surface is meant all such part of the immersed solid as is in 
a horizontal plane or can be reduced to one. The repellent force has 
also relations to the difference in temperature between the solid and the 
molten metal on which it floats. 

Digitized byLjOOQlC 



868 Dr. B. Sanderson on the Excitation of the [June 11> 

The author then extends his experiments to lead, a metal known to 
contract greatly in solidifying, and, with respect to which, no one has sug- 
gested that it expands at the moment of consolidation. He finds that pieces 
6t lead having a specific graidty of 11*361, and being at 70^ F., float or 
sink upon molten lead of the same quality, whose calculated specific 
gravity was 11*07, according to the relation that subsists between the 
volume and the '* effective " surface of the solid piece, thin pieces with 
large surface always floating, and vice vend. An explanation is offered 
of the true cause of the ascending and descending currents observed in 
very large '* ladles " of liquid cast iron, as stated by Messrs. Nasmyth 
and Carpenter. The facts are shown to be in accordance with those 
above mentioned, and when rightly interpreted to be at variance vdth 
the views of these authors. 

Lastly, the author proceeds to examine the statements made by these 
vmters, as to the floating of lumps of solidified iron furnace-slag upon 
the same when in a molten state ; he examines the conditions of the 
alleged facts, and refers to his own experiments upon the total contrac- 
tion of such slags, made at Barrow Iron-works (a full account of 
which he has given in his paper on " The true Nature and Origin of 
Volcanic Heat and Energy," printed in Phil. Trans. 1873), as conclusively 
proving that such slags are not denser in the molten than in the solid 
state, and that the floating referred to is due to other causes. The 
author returns thanks to several persons for facilities liberally afforded 
him in making these experiments. 



IV. ''Note on the Excitation of the Surface of the Cerebral Hemi- 
spheres by Induced Currents.'' By J. Burdon Sanderson^ 
M.D., F.R.S., Professor of Practical Physiology in University 
College, London. Received April 80, 1874. 

In a paper recently communicated to the Eoyal Society by Dr. Ferrier 
(Proceedings, No. 151) it is shown that when two ends of copper wire 
distant from each other not more than a couple of millimetres, and in 
metallic communication with the terminals of the secondary coil of a 
Du Bois's induction-apparatus in action, are applied to certain spots of the 
sur&ce of either hemisphere, and great intensity is given to the induced 
currents thereby directed through the living tissue, by previously bringing 
the secondary coU into such a position that it is very close to the primary 
coil or even partially covers it, characteristic combined movements of the 
opposite side of the body are produced. 

With reference to these effects, it was observed by Dr. Ferrier (1) that 
excitation of the same spot always produces the same movement in the 
same animal, (2) that the area of excitability for any given movement 
(or, as it may be called for shortness, the active spot) is extremely small 
and admits of very accurate definition, and (3) that in different animals 
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excitations of aDatomicallj oorresponding spots produce similar or corre- 
sponding results. Erom these remarkable facts and from others similar 
to them relating to other parts of the brain to which I do not now advert, 
it was inferred that, at the surface of the hemispheres, certain ** centres " 
are to be found, of which it is the function to originate combined or even 
purposive movements. 

To this inference objections have been recently raised by Dr. Dupuy, 
based on the results of experiments made by him, in which he found that, 
after^the ablation of those parts of the hemispheres which contain the 
supposed centres, movements, similar to those described by Dr. Ferrier, can 
still be produced by dectrical excitation of the cut surface. In com- 
menting on these counter experiments. Dr. Ferrier has since pointed out 
that the effects described by Dr. Dupuy are entirely different from those 
observed by himself, and, particularly, that the movements produced in his 
experiments are of an uncertain character, affecting sometimes one, some- 
times several groups of muscles. 

As it appeared to me titat, although Dr. Dupuy has failed to prove that 
the movements he described are of the same nature with those described 
by Dr. Eerrier, the latter has not proved that they are different, I 
thought it necessary to make a series of experiments for the purpose of 
clearing up this uncertainty. With this view I determined to investigate 
the most characteristic of the combined movements, so accurately described 
by Dr. Eerrier as produced by excitation of particular spots on the anterior 
part of either hemisphere, by comparing them with those produced by 
excitation of deeper parts. The results of my experiments, in which cats 
were employed, are as follows : — 

1. By removing the integument, skull, and dura mater to an extent 
corresponding to the anterior half of the right parietal bone and the 
adjoining thin portion of the frontal bone, an area of the surface of the 
brain is brought into view which comprises several spots by the excita- 
tion of which the following characteristic movements can be produced: — 
(1) Setraction of the left fore paw, with flexion of the carpus, accom- 
panied by similar movements of the left hind leg. (i) Closure of the 
left eye and elevation of the left upper lip. (3) Setraction of the left 
ear. (4) Botation of the head to the left side. 

The active spots for these several movements are as follows : — ^For (1), 
a point immediately behind the outer end of the crucial sulcus ; for (2), 
the surface about the outer end of a sulcus which lies immediately behind 
(1) ; for (3), the surface behind the sulcus last mentioned ; for (4), a spot 
about a centun. further back on the same convolution. Movements (1), 
(2), and (3) can be produced in the cat with very great certainty, and the 
active spots for them are well defined. Their limits and relations are 
in exact accordance with the statements of Dr. Ferrier. 

2. If that part of the surface of the right hemisphere which comprises 
the active spots above mentioned is severed from the deeper parts by a 
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nearly horizontal incision made with a thin-bladed knife, and the instru- 
ment is at once withdrawn, without dislocation of the severed part, and 
the excitation of the active spots thereupon repeated, the result is the 
same as when the surface of the uninjured organ is acted upon. 

If a similar incision is made in a parallel plane, but at a lower level, 
this is not the case ; but on removing the flap and applying the electrodes 
to the cut surface, it is found that there are on it' active spots, which, as 
regards the effect of excitation, have the same properties as the active 
spots previously observed on the natural surface, and that the latter have 
the same topographical relation to each other as the former. 

3. In a brain hardened in alcohol a needle plunged vertically, t. e, at 
right angles to the surface, from the active spot for retraction of the 
opposite ear, reaches the posterior part of the corpus striatum at a 
depth of from 10 to 12 millims. If a horizontal incision is made in 
the living brain, at this depth, and is met by two others, of which one ia 
directed antero-posteriorly and the other transversely, and the part 
comprised within the incisions removed, a surface of brain is exposed in 
the deepest part of the wound which corresponds to the outer and upper 
part of the corpus striatum*. If now the electrodes are applied to this sur- 
face, the movements (1), (2), (3) are produced in the same way as before^ 
but more distinctly ; the active spots are quite as strictly localized, and 
their relations to each other are the same as at the surface — ^the spot for 
the movement of the extremities being in front, that for the closure of 
the eye and retraction of the upper Hp being to the outside, and that for 
the ear behind. 

From these facts it appears that the superficial convolutions do not 
contain organs which are essential to the production of the combinations of 
muscular movements now in question. They further make it probable 
ihAt the doctrine hitherto accepted by physiologists, that the centres for 
such movements are to be found in the masses of grey matter which lie in 
the floor and outer wall of each lateral ventricle, is true. 

* In case it should be necessary to repeat this experiment, it will be found best (after 
having noted the effects of exciting the surface at the several active spots and ascer- 
tained the degree of excitation required for the production of the corresponding move- 
ments) to proceed to remoYe the part of the brain containing them, so as to expose the 
outer aspect of the anterior part of the corpus striatum at once ; and then, as soon as 
haemorrhage has ceased, to investigate the relative positions of the active spots on the 
suriJBoe so exposed. [Since the above paper was communicated, I have aeoertained that 
at the lowest part of this surface there is a spot, of which excitation induces opening of 
the mouth and alternate protrusion and retraction of the tongue — a group of move- 
ments which Dr. Ferrier has localized on the under surface of the brain, in front of the 
Sylvian fiasore.-^. B. S., June 8, 1874.] 
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V. '' Spectroscopic Notes. — ^No. I. On the Absorption of great 
Thicknesses of Metallic and Metalloidal Vapours/' By J. 
Norman Lockyeb^ F.R.S. Received April 20, 1874. 

It has been assumed hitherto that a great thickness of a gas or vapour 
causes its radiation, and therefore its absorption, to assume more and 
more the character of a continuous spectrum as the thickness is 
increased. 

It has been shown by Dr. Erankland and myself that such a condition 
obtains when the density of a vapour is increased, and my later researches 
have shown that it is brought about la two ways. GeneraUzing the 
work I have already done, without intending thereby to imply necessarily 
that the rule will hold universally, or that it exhausts all the phenomena, 
it may be stated that metallic elements of low specific gravity approach 
the continuous spectrum by widening their lines, while metallic elements of 
high specific gravity approach the continuous state by increasing the 
number of their lines. Hence in the vapours of Na, Ca, Al, and Mg 
we have a small number of lines which broaden, few short lines being 
added by increase of density ; in Fe, Co, Ni, &c. we have many lines which 
do not so greatly broaden, many short lines being added. 

The observations I made in India during the total solar eclipse of 1871 
were against the assumption referred to ; and if we are to hold that the 
lines, both "fundamental " and *' short," which we get in a spectrum, are 
due to atomic impact (defining by the word atom, provisionally, that mass 
of matter which gives us a line-spectrum), then, as neither the quantity 
of the impacts nor the quality is necessarily altered by increasing the 
thickness of the stratum, the assumption seems also devoid of true 
theoretical foundation. 

One thing is clear, that if the assumed continuous spectrum is ever 
reached by increased thickness, as by increased density, it must be reached 
through the " short-line " stage. 

To test this point I have made the following experiments : — 

1. An iron tube about 6 feet long was filled with dry hydrogen ; 
pieces of sodium were carefully placed at intervals along the whole 
length of the tube, except dose to the ends. The ends were closed with 
glass plates. The tube was placed in two gas-furnaces in line and 
heated. An electric lamp was placed at one end of the tube and a 
spectroscope at the other. 

When the tube was red-hot and filled with sodium-vapour throughout, 
as nearly as possible, its whole length, a stream of hydrogen slowly 
passing through the tube, the line D was seen to be absorbed ; it was no 
thicker than when seen under similar conditions in a test-tube, and far 
thinner than the line absorbed by sodium- vapour in a test-tube, if the 
density be only slightly increased. 
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Only the longest " fundamental " line was absorbed. 

H^ line was thicker than the D line in the solar spectrum^ in which speo- 
jfrum aU the short lines are reversed, 

2. As it was difficult largely to increase either the temperature or the 
density of the sodium-vapour, I have made another seijes of experiments 
with iodine-vapour. 

I have already pointed out the differences indicated by the spectro- 
scope between the quality of the vibrations of the " atom " of a metal 
and of the " subatom " of a metalloid (by which term I define that mass 
of matter which gives us a spectrum of channelled spaces, and builds up 
the continuous spectrum in its own way). Thus, in iodine, the short lines, 
brought about by increase of density in an atomic spectrum, are repre- 
sented by the addition of a system of well-defined " beats " and broad 
bands of continuous absorption to the simplest spectrum, which is one 
exquisitely rhythmical, the intervals increasing from the blue to the red, 
and in which the beats are scarcely noticeable. 

On increasing the density of a very smaU thickness by a gentle 
heating, the beats and bands are introduced, and, as the density is still 
further increased, the absorption becomes continuous throughout the 
.whole of the visible spectrum. 

The absorption of a thickness of 5 feet 6 inches of iodine-vapour at a 
temperature of 59"* F. has given me no indication of bands, while the 
beats were so faint that they were scarcely visible. 

VI. " Spectroscopic Notes. — ^No. II. On the Evidence of Varia- 
tion in Molecular Structure/^ By J. Norman Lockyee^ F.B.S. 
Received May 26, 1874. 

1. In an accompanying note I have shown that when different degrees 
of dissociating power are employed the spectral efEects are different. 

2. In the present note I propose to give a preliminary account of some 
researches which have led me to the conclusion that, starting with amass 
of elemental matter, such mass of matter is continually broken up as the 
temperature (including in this term the action of electricity) is raised. 

3. The evidence upon which I rely is furnished by the spectroscope in 
the region of the visible spectrum. 

4. To begin by the extreme cases, all solids give us continuous spectra; 
all vapours produced by the high-tension spark give us line-spectra. 

5. Now the continuous spectrum may be, and as a matter of fact is, 
observed in the case of chemical compounds, whereas all compounds 
known as such are resolved by the high-tension spark into their consti- 
tuent elements. We have a right, therefore, to asstime that an element 
in the solid state is a more complex mass than the element in a state of 
vapour, as its spectrum is the same as that of a mass which is known to 
be more complex. 
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6. The spectroscope supplies us with intermediate stages between these 
extremes. 

(a) The spectra vary as we pass from the induced current with the 
jar to the spark without tl^e jar, to the yoltaic arc, or to the highest 
temperature produced by combustion. The change is alwajs in the same 
direction ; and here, again, the spectrum we obtain from elements in a 
state of vapour (a spectrum characterized by spaces and bands) is similar 
to that we obtain &om vapours of which the compound nature is un- 
questioned. 

(/J) At high temperatures, produced by combustion, the vapours of some 
elements (which give us neither line- nor channelled space-spectra at those 
temperatures, although we undoubtedly get line-spectra when electricity is 
employed, as stated in 4) give us a continuous spectrum at the more 
refrangible end, the less refrangible end being unaffected. 

(y) At ordinary temperatures, in soine cases, as in selenium, the more 
refrangible end is absorbed ; in others the continuous spectrum in the 
blue is accompanied by a continuous spectrum in the red. On the 
application of heat, the spectrum in the red disappears, that in the blue 
remains ; and further, as Faraday has shown in his researches on gold- 
leaf, the masses which absorb in the blue may be isolated from those 
which absorb in the red. It is well known that many substances known 
to be compounds in solution give us absorption in the blue or blue and 
red ; and, also, that the addition of a substance known to be compound 
(such as water) to substances known to be compound which absorb the 
blue, superadds an absorption in the red. 

71 In those cases which do not conform to what has been stated the 
limited range of the visible spectrum must be borne in mind. Thus I have 
little doubt that the simple gases, at the ordinary conditions of tempera- 
ture and pressure, have an absorption in the ultra-violet, and that highly 
compound vapours are often colourless because their absorption is beyond 
the red, with or without an absorption in the ultra-violet. Glass is a 
good case in point ; others will certainly suggest themselves as opposed 
to the opacity of the metals. 

8. If we assume, in accordance with what has been stated, that the 
various spectra to which I have referred are really due to different mole- 
cular aggregations, we shall have the following series, going from the 
more simple to the more complex : — 

Fiwt stage of complexity | Line-Bpectrum. 
of molecule J 

Second stage Channelled space-spectrum. 

''Continuous absorption at the blue 



Third stage 



end not reaching to the less refran- 
gible end. (This absorption may 
break up into channeUed spaces.) 
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" Continuous absorption at the red end 

,, . , . not reaching to the more ref ran- 

Tourth stage < ... , /r™ • . x: 

^ gible end. (This absorption may 

. break up into channelled spaces.) 
Fifth stage Unique continuous absorption. 

9. I shall content myself in the present note by giving one or two 
instances of the passage of spectra from one stage to another, beginning 
at the fifth stage. 

From 5 to 4. 

1. The absorption of the vapours of K in the red-hot tube, described 
in another note, is at first continuous. As the action of the heat is con- 
tinued, this continuous spectrum breaks in the iniddle ; one part of it 
retreats to the blue, the other to the red. 

From 4 to 3. 
1. Faraday's researches on gold-leaf best illustrate this ; but I hold 
that my explanation of them by masses of two degrees of complexity 
only is sufficient without his conclusion (* Besearches in Chemistry,' 
p. 417), that they exist '' of intermediate sizes or proportions." 

From 3 to 2. 

1. Sulphur-vapour first gives a continuous spectrum at the blue end ; 
on heating, this breaks up into a channelled space-spectrum. 

2. The new spectra of K and Na (more particularly referred to in the 
third note) make their appearance after the continuous absorption in the 
blue and red vanishes. 

From 2 to 1. 

1. In many metalloids the spectra, without the jar, are channeUed ; on 
throwing the jar into the circuit the line-spectrum is produced, while the 
cooler exterior vapour gives a channelled absorption-spectrum. 

2. The new spectra of K and Na change into the line-spectrum (with 
thick lines which thin subsequently) as the heat is continued. 



VII. "Spectroscopic Notes.— No. 111. On the Molecular Struc- 
ture of Vapours in connexion with their Densities.'' By J. 
NoRHAN LocKTEE^ F.R.S. Received May 26, 1874. 

1. I have recently attempted to bring the spectroscope to bear upon 
the question whether vapours of elements below the highest . tempera- 
tures are truly homogeneous, and whether the vapours of different 
chemical elements, at any one temperature, are all in a similar molecular 
condition. In the present note, I beg to lay before the Bojal Society the 
prelimJnaiy results of my researches. 
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2. We start with the following facts : — 

I. All elements driven into vapour by the induced current give line- 
spectra. 

n. Most elements driven into vapour by the voltaic arc give us the 
same. 

III. Many metalloids when greatly heated, some at ordinary tem- 
peratures, give us channelled-space spectra. 

lY. Elements in the solid state give us continuous spectra. 

3. If we grant that the spectra represent to us the vibrations of dif- 
ferent molecular aggregations (this question is discussed in Note U.), 
spectroscopic observations should furnish us with facts of some import- 
ance to the inquiry. 

4. To take the lowest ground. If, in the absence of all knowledge on 
the subject, it could be shown that all vapours at all stages of temperature 
had spectra absolutely similar in character, then it would be more likely 
that all vapours were truly homogeneous and similar among themselves, 
as regards molecular condition, than if the spectra varied in character, not 
only from element to element, but from one temperature to another in 
the vapour of the same element. 

5. At the temperature of the sun's reversing layer, the spectra of all 
the elements known to exist in that layer are apparently sioular in cha- 
racter — that is, they are all line-spectra ; hence it is more probable that 
the vapours there are truly homogeneous, and that they all exist in the 
same molecular condition, than if the spectrum were a mixed one. 

6. The fact that the order of vapour-densities in the sun's atmosphere, 
which we can in a measure determine by spectroscopic observations, does 
not agree with the order of the modem atomic weights of the elements, 
but more closely agrees with the older atomic weights, led me to take up 
the present research. Thus I may mention that my early observations of 
the welling-up of Mg vapour all round the sun (ibove the Na vapour have 
lately been frequently substantiated by the Italian observers ; so that it 
is beyond all question, I think, that, at the sun, the vapour-density of Mg 
is less than that of Na. 

7. The vapouivdensities of the following elements have been experi- 
mentally determined : — 

H.... 1 S 32 (at 1000°) 

K .... 39 I 127 

As ... . 150 Hg 100 

Br .... 80 N 14 

Cd .... 56 O 16 

CI .... 35-6 P 62 

8. To pursue this inquiry thQ following arrangements have been 
adopted : — 

The first experiments were made last December upon Zn in a glass 
TOL. xxn. 2 o 
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tube closed at each end with glass plates ; and I have to express my ob- 
ligations to Dr. Bussell for allowing them to be conducted in his labora- 
tory, and for much assistance and counsel concerning them. 

A stream of dry H was allowed to pass. The tube was heated in a 
Hofmann's gas-furnace, pieces of the metal to be studied having previ- 
ously been introduced. It was found that the glass tube melted ; it was 
therefore replaced by an iron one. The inconvenience of this plan, how- 
ever (owing to the necessity for introdudng the metal into the end of the 
hot tube when the first charge had volatilized), and, moreover, the 
insufficiency of the heat obtainable from the gas-furnace, soon obliged me 
to replace both tube and furnace by others, which have now been in use 
for many weeks, and which still continue to work most satisfactorily. 

The iron tube is 4 feet in length, and is provided with a central en- 
largement, suggested to me by Mr. Dewar, forming a T-piece by the 
screwing in of a side tube, the end of which is left projecting from the 
door in the roof of the furnace. Caps are screwed on at each end 
of the main tube ; these, caps are closed by a glass plate at one end, 
and have each a small side tube for the purpose of passing hydro- 
gen or other gases through the hot tube. The furnace is supplied 
with coke or charcoal ; an electric lamp, connected with thirty Grove's 
cells, is placed at one end of the tube and a one-prism spectroscope at the 
other. The temperatures reached by this furnace may be conveniently 
divided into four stages : — 

I. When the continuous spectrum of the tube extends to the sodium- 
line D, this line not being visible. 

II. When the continuous spectrum extends a little beyond D, this line 
being visible as a bright line. 

m. When the spectrum extends into the green, D being very bright. 
IV. When the spectrum extends beyond the green and D becomes in- 
visible as a line, and the sides of the furnace are at a red heat. 

I may add (1) that I have only within the last few days been able to 
employ the third and fourth stages of heat, as the furnace was previously 
without a chimney, and the necessary draught could not be obtained ; 
and (2) that I was informed, a little time ago, by Prof. Eoscoe that, with a 
white-hot tube, he had observed new spectra in the case of Na and K. 
These spectra, which I now constantly see when these temperatures are 
reached, I shall call the " new spectra." 

9. The results of the experiments, so far as the A'isible spectrum is 
concerned, between the stages indicated may be stated as follows : — 
H. No absorption. 
N. No absorption. 

K. I have observed, either separately or together : — 
(a) The line absorption-line near D. 

(/3) Continuous absorption thi'oughout the whole spectrum, 
(y) Continuous absorption in red and blue at the same time, 
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the light being transmitted in the centre of the spectrum 
(as by gold-leaf). 
(8) Continuous absorption clinging on one side or other of 
the line. (This phenomenon, which , so far as I know, 
is quite new, will be described in another note.) 
(e) The ^ew spectrum. 
Na. I have observed, either separately or together : — 
(a) D absorbed. 

(/3) Continuous absorption throughout the whole spectrum, 
(y) Continuous absorption clinging on one side or the other 

ofD. 
(5) The new spectrum. 
Zn. Continuous absorption in the blue. (An unknown line some- 
times appears in the green, but certainly no line of Zn.) 
Cd. Continuous absorption in the blue. 
Sb. New spectrum, with channelled spaces and absorption in the 

blue. 
P. The same. (This, however, in consequence of the extreme deli- 
cacy of the spectrum, requires confirmation.) 
S. Channelled-space spectrum (previously observed by Salet). 
As. Probable chaonelled-space spectrum. (Observations to be re- 
peated.) 
Bi. No absorption. 

I. Channelled spectrum in the green and intense bank of general 
absorption in the violet, where at the ordinary temperature 
the vapour transmits light. 
Hg. No absorption. 
10. These results may be tabulated as foUows : — 



No visible absorption. 

Line absorption. 

Probable channelled-space absorption. 

Continuous absorption in the blue. 

Channelled-space absorption + band of 

absorption in violet. 
No absorption. 

»» »» 

Channelled-space spectrum probable. 
Line absorption. 

Continuous absorption in the violet. 
CJhannelled-space spectrum and absorption 

in the blue. 
Channelled-space spectrum. 
No absorption. 

2g2 
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V.d. 


jiLooera 
•tomio weight 


H .. 


1 


1 


K .. 


.. 39 


39 


As .. 


..150 


75 


Cd .. 


.. 56 


112 


I .. 


.. 127 


127 


Hg.. 


.. 100 


200 


N .. 


.. 14 


14 


P .. 


.. 62 


31 


Na.. 


.. (?) 


23 


Zn.. 


.. (?) 


65 


8b .. 


.. (?) 


122 


S .. 


.. 32 


32 


Bi .. 


.. (?) 


208 
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II. It will be seen from the foregoing statement that if similar spectra 
be taken as indicating similar molecular conditions, then the vapours, 
the densities of which have been determined, have not been in the same 
molecular condition among themselves. Thus the vapours of K, S, and 
Cd, at the fourth stage of heat, gave us line, channelled-space, and con- 
tinuous absorption in the blue respectively. This is also evidence that 
each vapour is non-homogeneous for a considerable interval of time, the 
interval being increased as the temperature is reduced. 



VIII. '' Spectroscopic Notes. — ^No. IV. On a new Class of Absorp- 
tion Phenomena.'' By J.NormanLockyer, P.R.S. Received 
May 26, 1874. 

1. In the experiments on the absorption-spectrum of Na and K 
vapour heated in a red-hot tube, to which further reference is made in 
separate notes, I have observed phenomena quite new to me, some 
rough drawings of which I lay herewith before the Eoyal Society. As 
the phenomena are only momentary, I cannot answer for the final accu- 
racy of the drawings, nor have I been able to represent the softness of 
the gradations of shade. 

2. In the drawings, the red end of the spectrum is to the left ; the D 
line common to them all is the image of a slit about half an inch long, 
on which slit the light falls from an electric lamp, through the tube and 
chamber in which the vapours are produced. The lower part of the 
drawings would generally represent, therefore, the spectrum of the less 
dense vapours were the vapours at rest. 

3. One of the phenomena referred to consists of what may be described 
as a unilateral widening of the line D : the side absorption, however, is 
much less dense than that of the line ; it is bounded by D on one side 
and by a curved line on the other. Figs. 1, 2, and 3 will give an idea of 
this appearance in three stages as it is frequently actually seen, t. e, as 
the absorption travels up or down the line it widens as shown. 



Kg.l. 



Fig. 2. 
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Fig. 3. 



4. Figs. 4 and 6 give two variations sometimes observed — fig, 4 showing 
the darkening in the absorption and an increased steepness in the curve ; 
fig. 5 the simultaneous existence of apparently different absorptions, 
all bounded by D on one side, but by different curves on the other, and 
being of different intensities. 




5. Although, in the preceding drawings, I have represented this uni- 
lateral widening exclusively on the more refrangible side of D, I have 
observed it on the other, though scarcely so frequently. 

6. Accompanying these appearances, but generally best visible when 
the absorption with curved boundary is visible on both sides of D, is a 
brilliant boundary replacing the mere change of shade. 

7. At times the brilliant boundary is continuous across D, as shown in 
fig. 6 ; but I append figs. 7 and 8 to show that the phenomena on either 
side of D are independent of each other. 




!f',"»ji;l 

smmm 




Digiti 



izedbyLjOOgle 



380 On the Anatomy of Connective Tissue ifc. [June 18, 



1^\'.7. 



Fig. 8. 



8. At times, D puts on the appearance of the limiting line of a chan- 
nellednspace spectrum, the " easing off " of the absorption being now on 
one side and now on the other. 

9. Should all these phenomena be ultimately referred to the causes 
which produce a channelled-space spectnun (one of which undoubtedly is 
the tendency to a unilateral instead of a bilateral widening), a line-spec- 
trum will be regarded as a special case merely, and not as an entirely 
different spectrum, as it has been hitherto ; and the range of molecular 
combinations in any one element from which line-spectra may be pro- 
duced is extended. 

10. The question further arises, whether many of the short lines in 
spectra are not remnants of channelled-space spectra. 



June 18, 1874. 
JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

Mr. Henry Bowman Brady, Mr. Augustus WoUaston Franks, Prof. 
Glaus Henrici, Sir Henry Sumner Maine, and Mr. Osbert Salvin were 
admitted into the Society. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read : — 

I. " A Contribution to the Anatomy of Connective Tissue, Nerve, 
and Muscle, with special reference to their connexion with the 
Lymphatic System.'^ By G. Thin, M.D. Communicated 
by Prof. Huxley, Sec. R.S. Received April 22, 1874*. 

* This Paper will appear in No. 155. 
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11. '^ Given the Number of Figures (not exceeding 100) in the 
Reciprocal of a Prime Number, to determine the Prime itself.^' 
By William Shanks. Communicated by the Rev. G. Salmon, 
P.R.S. Received May 19, 1874. 

In a former communication (su^rd, p. 200) I gave a Table showing the 
number of figures in the period of the reciprocal of every given prime up to 
20,000. The Table here introduced is intended to solve the converse pro- 
blem, and to show what primes have a given number of figures in their 
period. It appears at once, from the ordinary rule for converting a pure cir- 
culating decimal into a proper fraction, that if the reciprocal of a prime have 
n figures in its period, that prime must be a factor in the number formed 
by writing down n nines, and therefore also, generally, in the number 
formed by writing down n ones. We denote that number by n ; that is 
to say, 6 (in the left column), for example, =11111, except where 

3, 3*, 8' 3* are concerned, when we have 3, for example, ==999. The 

problem now before us is equivalent to that of breaking Up n into its 
prime factors ; and the previous Table gives us great facility in doing 
this, for it exhibits every factor of n which is less than 20,000* ; and if, 
after accounting for all these, the remaining factor of n is less than 
30,000^, we may be sure that it is a prime number, and that the resolu- 
tion is complete. 

If we have to deal with a composite number mn, this may obviously be 
written down either as m groups of n ones or as n groups of m ones. It 
follows that mn contains m and n as factors. We may also state here that 

12, besides the factor 9901, obviously has all the factors belonging to any 
.^^M^^ltiple of 12, e,ff. 2, 3, 4, 6 ; and that this holds in all other similar 

case^,' iad need not be stated again. When we affirm that the resolution 
in any case is complete (and, indeed, throughout the Table), it is to be 
clearly imderstood that the submultiples have all been carefully attended 
to, and thus any result may easily be verified. The high factors found 
(those, we mean, above 30,000*) have involved considerable labour ; and 
though we may not say absolutely that they are primes, yet we are 
certain that, if composite, their component factors are primes each 
greater than 30,000, and that the periods of their reciprocals have readily 
been found. It only remains to add here that the left column contains 
the given number of figures in the reciprocal of the prime or primes 
found and placed opposite in the right column, or, in a few cases, of the 
second powers of primes, and as far as the sixth power of the prime 3. 

If the number of figures in the reciprocal of P be n, then the general 
rulet, which may be drawn from particular cases such as the following 
two, is that the number of figures in the reciprocal of P* is nP, of P is 

* In point of fact I hare carried on the calculation up to 30,000. 
t See 'Messenger of Mathematics,' vol. ii. pp. 41-43 (1872), and toI. iii. pp. 52-55 
(1873). 
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nP*, and so cm. 



Since the period of -^ ^ 18, and since the remainders 



resulting from dividing 18 such periods successirely by 19 are, in OTder, 15, 
11, 7, 3, 18, 14, 10, 6, 2, 17, 13, 9, 6, 1, 16, 12, 8, 4, 0, it foUows that 



j^= 18x19=342. 



The law of such remainders, after the first has 

been obtained, is simple enongh, and may be written down at once. 

Again, since the period of —-=81, also since the remainders resulting 

from diyiding 163 such periods, each of 81 figures, successirely by 163 
are, in order, 149, 135, 121, 107, 93, 79, 65, 51, 37, 23, 9, 158, 144. .. .0 
(the series consisting of 163 terms, of which the last is 0), it follows that 

-JL-= 81 X 163 = 13203. The kw of the abore series is eyident, and 
163» 

the number of terms is easily found to be 163. There is an 
obvious exception when P=3; then the period is divisible by P, 
and the number of figures in the reciprocal of 3' is 1, of 3* is 3, and of 
3* is 3*~^ There are other exceptions also, or at all events one. 
Desmarest, for instance, has remarked that in the case of P=:487, the 
period is divisible by 487 ; and therefore the number of figures in the 
reciprocal of 487* is the same as that in the reciprocal of 487, viz. 486. 
I am not acquainted with the general theory of such exceptions ; nor do 
I know what other primes (if any) besides 3 and 487 have the same 
peculiarity. 

With these explanations the following Table can readily be under- 
stood. We mariL with an asterisk those cases in which the resoluticm is 
complete, thus 28 | 29 . 281 . 12149 9449. We are to be undera:;^^ 
as a£Srming that 12149 9449 is a prime number. 



OiT«B nmnlMr of 

SanretiB 
Period of Prim««. 



Primes, Prime Faciort, &e. 



a» 
3* 

i: 

7* 
8* 

9» 
io» 
II* 

«3» 

i6» 

17 
iS* 

19/ 



3 and 3*. 
II. 
3* . 37. 

lOI. 

41 . 271. 

7.13. 

»39 • 4^49- 

73 . »37. 

3*. 333667. 

9091. 

S1649 • 5«3*39- 

9901. 

53 . 79 • *<537 1653. 

90909 I. 

31 . 20061 61. 

17 . 58813 53. 

Setme prime. = Zo'?/"^?^' 5363i-i-X5'7 

>9 . 5*57?. 

W9$MB pnme. 

3541 . 279^1. 
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Prime*, Prime Factors, &o. 



OiTen namb«r of 

flffaresin 
.Penod of FximM. 

SI* 43 . 1933 . 10838 689. 

*** i"* • *3 • ^^^ • ^779- 
23 SnnMB prime. 

X4* 99990 001. 

25 21401 . 25601 . 18252 121 30 01. 

26* 8 w . 10583 1 3049. 

*Z« 3 • 757 . 44033 46547 7763*. 

28* 20 . 281 . 12140 9440. 

29 3i9i . 16763 .207?2 03000 95927 10406 7. ^ ^3#37x 6a^^3x77^//3^37^f7 

30* 211 . 241 . 2161. 

31" 2791 . 39810 50201 04303 51526 73275 21. 

3a* 353 • 449 • 641 . 1409 • 69857. 

33* 67. 13446 28210 31329 8373. 

34^ 103 . 4013 . 21993.83336 9. 

35^ 7« • «a676 18436 74776 04353 521. 

36 * 99999 90000 01. 

37 * Seems prime. 

38 '* 90909 09090 90909 091. 

39 ^ 90090 09009 00990 99099 0991. 

40 ^ 99990 00099 99000 1. 

41**^ 81 . 1231 . 10874 80167 08045 28702 40778 98379 32830 7. 

4»* V • '*7 • *689 . 45969 1. 

43 173 • 64226 07578 67694 28387 92549 77520 87347 46307- 

89. 11124 70797 64156 1909. 

99900 00009 99000 99999 9001. 

47 . 139 . 2531 . 54979 71844 91917. 

Seems prime. 

99999 99900 00000 I. 

10000 00100 ooooi 00000 oiooo 00010 00000 10000 001. 

251 . 5051 . 78875 94347 2201. 

613 . 14696 58892 17112 70961 00994 95907. 

521 . 19003 81976 77733 22437 81. 

107 . 10384 21599 16926 27206 64589 82346 83281 41225 33748 70197 3. 

99999 99990 00000 001. 

1321 . 68130 88570 01514 75398 18244 51098 41022 71. ^ (,%*iXlr<^ 

7841 . 12752 20010 20150 50376 1. 

21319.42258 12190 53849 10220 50710 59144 89. 

59 . 15408 32049 30662 55778 12018 49. 

Seems prime. 



46 

47 
48 
49 
50 
5« 
5» 
53 
54 

5^1 
61 



62 

64 
65 
66 

67 
68 

69 

70 
7« 
7» 
73 
74 
75 
76 
77 

78 
79 



61 . 16557 36049 01641. « H V ^ '/ ^ ' * 2 :' u^'^n^) 

733 • 4637 • 32690 11286 55567 78492 67785 60346 38966 63414 98113 

99297 3391. 
90909 09090 90909 09090 90909 09091. 

10837 . 23311 . 39545 35794 55592 00238 00680 443. ^ H5k\^i' 

19841 . 50400 68544 93221 10780 70661 761. 

90Q00 90000 90090 90090 90090 99090 99099 99099 991. 

10989 01098 89010 98901 1. 

Seems prime. 

99009 90099 00990 09900 99009 90099 01. 

277 . 32523 49822 74693 46602 92093 53758 0902s 01840 83. 

10999 88890 111 10 98889 0001 1. 

Seems prime. 

3169. 31555 69580 30609 02492 9. c ^iif^l^ 

Seems prime. 

7253 . 12533 99847 08521 86556 033H 01639 447. 

451 .4*01 . 15763 98555 37391 91709 16417 09400 63151, 

99009 90099 00990 09900 99009 90099 00990 1. 

5237 . 17185 41321 38439 75575 73019 07599 58«8o 44493 01317 37618 

86404 43. = *fim3>« 
13' • 157 • 6397 . 84166 49699 61183 43* 

317 . 6163 . 10271 . 55372 39794 64587 20397 50752 71926 68846 36072 
32019 52048 12389 25326 15741 47«« 
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Primes, Prime Factors, &c. 



Given number of 

flffures in 
Period of Primes.^ o 

''^ 99999 9X000 00000 99999 99/00 00000 I. 

1^3® . 163 . 9397 . 21762 15574 17380 51978 03850 29334 29783 20758 07163 

797- 
909 09090 90909 09090 90909 09090 90909 09091. 
B prime. 
J0099 98990 00099 98990 OOIOI. 
90000 90000 90000 90900 90900 90900 90909 90909 90909 90909 99909 

99909 9991.* ^«c5?;t 

90909 09090 90909 09090 90909 09090 90909 09090 91. ^I*-^ 
4003 . 22505 64329 00549 8x286 55760 43195 08x16 66025 25583 29000 997. 
6x7 . 16205 ^34^4 60x29 67584 92708 26564 02106 953. 
Seems prime. 

296 11 •64119 5 09 13 - 97453 07 32 9. V^i CSc(, i,-^ ■ '1 3<.V;^-7/ 
547 . ^4197 . 17837 . 64972 58525 58248 78623 76372 29838 67691 22282 

27693 73769 82738 03847 7. 
X289.76811 40495 74080 75951 X1722 18851 05500 46470 9. 
90090 09009 00900 90090 09009 00900 99099 09909 90990 99099 09909 

9099X. 
6299. 14432 30527 2x2x1 15905 84364 04046 8x839 83027 609. 
19 X . 47x20 89005 7068 X 09952 82727 69638 69115 13141 30942 35654 

39842 88481 62827 17801. s i'^lJi ^ b^kHl^ 
97 . 10309 27835 05154 62886 59793 81443 3. 
Seems prime. 

197.50761 41624 36553 29949 18781 72639 59390 35533. 
199 . 397 . 12657 74717 41579 43369 23914 28173 61378 68182 22092 83191 
77752 74356 67. =- ZH'^HH^ l^''''^\i,'iHt>n%iosriSoi.i9.^. - 
99999 99999 90000 oocoo 99999 99999 00000 00001.= ^dl C I ^ 



80 
81 

82 

83 
84 
85 

86 

87 
88 
89 
90 
9» 

92 
93 

94 
95 

96 

97 
98 

99 



/.' 



X r/ / 



Note. — In the preparation of this paper yaluable assistance was 
received from the Eev. Prof. Salmon, F Jt.8., both in the way of sugges- 
tions and otherwise. — W. S. 

Houghton-le-Spring, 
April 18, 1874. 



III. " On the Number of Figures in the Reciprocal of every 
Prime between 20,000 and 30,000.'' By William Shanks. 
Communicated by the Rev. George Salmon, F.R.S. Received 
June 6, 1874. 

In a former communication* I gave the number of figures in the 
reciprocal of every prime below 20,000 ; the present Table is simply an 
extension of the former, and has been calculated by the same method. 
Towards the close of the former Table, \\z, opposite the prime 19841, 
instead of 1984 read 64. The wlwle of the former Table has kindly been 
verified by the Rev. Dr. Salmon. For the accuracy of the following 
Table I am entirely responsible, and beUeve it is free from error. ^ 

* SuprH, p, 200. 
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In the left-hand oolumns of Table III. are primes ; in the right-hand oolumns, imme- 
diately opposite, is the number of figures in the period of the reciprocal of each prime. 

Tablb III. (continued). 



200II 


6670 


20611 


206x0 


21211 


21210 


21803 


10901 


22409 


11204 


2002X 


1540 


20627 


10313 


21221 


4244 


21817 


21816 


22433 


22432 


20023 


6674 


20639 


10319 


21227 


10613 


21821 


10910 


22441 


11220 


20029 


6676 


20641. 


2580 
20662 


21247 


21246 


21839 


10919 


22447 


7482 


20047 


20046 


20663 


21269 


21268 


21841 


10920 


22453 


5613 


20051 


20050 


20681 


470 


21277 


1181 


21851 


21850 


22469 


22468 


20063 


20062 


20693 


739 


21283 


3547 


21859 


21858 


22481 


2810 


20071 


6690 


20707 


X479 


21313 


2368 


21863 


21862 


22483 


3747 


20089 


5022 


20717 


5179 


21317 


10658 


21871 


405 
2188 


22501 


7500 


20101 


20100 


20719 


3453 


21319 


10661 


21881 


22511 


11255 


20107 


335' 


20731 


4146 


21323 


21893 


10946 


22531 


7510 


2OII3 


201 1 2 


20743 


20742 


21341 


4268 


21911 


10955 


22541 


22540 


201X7 


5029 


20747 


10373 


21347 


10673 


21929 


5482 


22543 


7514 


20123 


ioo6x 


20749 


6916 


21377 


21376 


21937 


21936 


22549 


22548 


20129 


10064 


20753 


20752 


21379 


3054 


21943 


7314 


22567 


22566 


20143 


10071 


20759 


10379 


21383 


21382 


21961 


1220 


22571 


45'4 


20147 


H39 


20771 


4154 


21391 


3565 


21977 


21976 


22573 


5643 


20149 


20148 


20773 


5^93 


21397 


1783 


21991 


733 


22613 


5653 


20x6x 


1680 


20789 


20788 


21401 


»5 


21997 


1833 


22619 


22618 


20173 


5043 


20807 


20806 


21407 


21406 


22003 


11001 


22621 


7540 


20177 


20176 


20809 


10404 


21419 


21418 


22027 


11013 


22637 


1.318 


20183 


20182 


20849 


10424 


21433 


7144 


22031 


11015 


22659 


X1319 


2020 1 


lOIOO 


20857 


20856 


21467 


10733 


22037 


5509 


22643 


11321 


20219 


1838 


20873 


20872 


21481 


5370 


22039 


3673 


22651 


1510 


20231 


10115 


20879 


10439 


21487 


21486 


22051 


22050 


22669 


22668 


20233 


20232 


20887 


20896 


21491 


4298 


22063 


22062 


22679 


"339 
22690 


20249 


2531 


20897 


21493 


5373 


22067 


11033 


22691 


20261 


20260 


20899 


20898 


21499 


7166 


22073 


22072 


22697 


22696 


20269 


2252 


20903 


2986 


21503 


21502 


22079 


X1030 


22699 


2522 


20287 


966 


20921 


2615 


21517 


5379 


2209X 


22709 


22708 


20297 


20296 


20929 


436 


21521 


2152 


22093 


3682 


22717 


5679 


20323 


3387 


20939 


20938 


21523 


3587 


22109 


22108 


22721 


11360 


20327 


20326 


20947 


10473 


2x529 


2691 


22x11 


3687 


22727 


22726 


20333 


IOI66 


20959 


499 


21557 


5389 


22123 


22739 


22738 


20341 


4068 


20963 


10481 


21559 


10779 


22x29 


5532 


.22741 


22740 


20347 


IOI73 


20981 


4196 
20982 


21563 


10781 


22x33 


5533 


22751 


11375 


20353 


20352 


20983 


21569 


10784 


22x47 


11073 


22769 


11384 


20357 


5089 
20358 


21001 


250 


21577 


21576 


22x53 


22152 


22777 


759* 
22782 


20359 


21011 


21010 


21587 


10793 


22157 


5539 


22783 


20369 


1273 


21013 


5*53 


21589 


7196 


22159 


1231 


22787 


11393 


20389 


6796 


21017 


21016 


21599 


10799 


22171 


7390 
22188 


22807 


7602 


20393 


20392 


21019 


21018 


21601 


3600 


22189 


22811 


22810 


20399 


IOI99 


21023 


21022 


21611 


21610 


22193 


22192 


22817 


22816 


20407 


20406 


21031 


10515 


2x613 


1 801 


22229 


22228 


22853 


5713 


204 II 


20410 


21059 


21058 


21617 


21616 


22247 


22246 


22859 


22858 


20431 


102 »5 


21061 


4212 


21647 


21646 


22259 


22258 


22861 


22860 


20441 


10220 


21067 


3511 


21649 


11 


22271 


11135 


22871 


11435 


20443 


3407 


21089 


10544 


21661 


7220 


22273 


22272 


22877 


5719 


20477 


5119 


21101 


21100 


21673 


21672 


22277 


5569 


22901 


22900 


20479 


10239 


21107 


10553 


21683 


10841 


22279 


3713 


22907 


11453 


20483 


1 024 1 


21121 


10560 


21701 


21700 


22283 


11141 


22921 


3820 


20507 


10253 


21139 


7046 


21713 


21712 


22291 


22290 


22937 


22936 


20509 


20508 


21143 


21 142 


21727 


21726 


22303 


22302 


22943 


22942 


20521 


1140 


21149 


21148 
5289 


21737 


21736 


22307 


11153 


22961 


5740 


20533 


10266 


21157 


21739 


7246 


22343 


11171 


22973 


11486 


20543 


20542 


21163 


35*7 


21751 


375 


22349 


22348 


22993 


22992 


20549 


20548 


21169 


1323 


21757 


X0878 


22367 


22366 


23003 


11501 


20551 


10275 


21179 


21178 


21767 


21766 


22369 


11184 


23011 


23010 


20563 


10281 


21187 


1177 


21773 


10886 


22381 


22380 


23017 


23016 


20593 


1872 


21191 


2119 


21787 


3631 


22391 


11195 1 23021 


23020 


20599 


10299 


21193 


7064 


21799 


10899 


22397 


5599 

"LrfQ itlZcd b* 


23027 


11513 



S86 



Wr. W. Shanks on the Reciprocal [June 18, 









Table III. 


(continued). 








23029 


23028 


23669 


23668 


24229 


24228 


24971 


24970 


25621 


25620 


23039 


II519 


23671 


11835 


24239 


12119 


24977 


24976 


25633 


25632 


23041 


5760 


23677 


11838 


24247 


24246 


24979 


^^It 


25639 


4273 


23053 


I92I 


23687 


23686 


24251 


24250 


24989 


24988 


25643 


12821 


23057 


2096 


23689 


3948 
11859 


24281 


2428 


25013 


6253 


25657 


25656 


23059 


23058 


23719 


24317 


121 58 


25031 


12515 


25667 


25666 


23063 


23062 


23741 


23740 


24329 


121 64 


25033 


1192 


25673 


25672 


23071 


"535 


23743 


23742 


24337 


24336 


25037 


12518 


25679 


12839 


23081 


11540 


23747 


11873 


24359 


12179 


25057 


25056 


25693 


6423 


*3087 


23086 


23753 


23752 


24371 


24370 


25073 


25072 


25703 


25702 


23099 


23098 


23761 


11880 


24373 


4062 


25087 


25086 


25717 


*;ii 


23117 


5779 


23767 


23766 


24379 


8126 


25097 


25096 


25733 


12866 


23131 


23130 


23773 


5943 


24391 


1355 


25111 


12555 


25741 


2340 


23143 


23142 


23789 


23788 


24407 


24406 


25117 


6279 


25747 


4291 


23159 


11579 


23801 


2975 


24413 


6103 


25121 


12560 


25759 


25758 


23167 


77*2 


23813 


23818 


24419 


24418 


25127 


1478 


25763 


12881 


23173 


11586 


23819 


24421 


1628 


25H7 


4191 


25771 


1718 


23189 


2108 


23827 


11913 


24439 


12219 


25*53 


25152 


25793 


25792 


23197 


1933 


23831 


11915 


24443 


24442 


25163 


12581 


25799 


12899 


23201 


464 


23833 


23832 


24469 


8156 


25169 


H2 


25801 


2580 


23203 


11601 


21857 


7952 


24473 


24472 


25171 


5034 


25819 


1986 


23209 


5802 


23869 


23868 


24481 


6120 


25183 


*5'*? 


25841 


HH 


23227 


11613 


23873 


23872 


24499 


24498 


25189 


8396 


25847 


25846 


23251 


4650 


23879 


11939 


24509 


24508 


25219 


8406 


25849 


718 


23269 


23268 


23887 


23886 


245*7 


12258 


25229 


25228 


25867 


12933 


23279 


11639 


23893 


11946 


24527 


H526 


25237 


6309 


^^iv 


*^!^; 


23291 


23290 


23899 


23898 


24533 


12266 


25243 


4207 


25889 


1618 


23293 


5823 


23909 


23908 


24547 


12273 


25247 


25246 


25903 


25902 


23297 


23296 


23911 


797 


24551 


^l^S 


25253 


12626 


25913 


25912 


23311 


63 


23917 


5979 


24571 


1638 


25261 


8420 


25919 


12959 


233*1 


11660 


23929 


5982 


24593 


24592 


25301 


25300 


25931 


Vl^ 


233»7 


23326 


23957 


11978 


24611 


4922 


25303 


25302 


25933 


6483 


*3333 


11666 


23971 


23970 


24623 


24622 


25307 


12653 


25939 


25938 


23339 


23338 


23977 


23976 


H631 


•m 


25309 


8436 


.25943 


25942 


»3357 


iiM 


23981 


23980 


24659 


25321 


6330 


25951 


12975 


23369 


1 1684 


23993 


23992 


24671 


12335 
12338 


25339 


8446 


25969 


'lll^ 


23371 


23370 


24001 


1000 


24677 


25343 


25342 


25981 


8660 


23399 


1 1699 


24007 


8002 


24683 


12341 


25349 


25348 


25997 


6499 


23417 


23416 


24019 


24018 


24691 


24690 


25357 
25367 


2113 


26003 


13001 


23431 


11715 


24023 


24022 


24697 


24696 


25366 


26017 


8672 


*3447 


1234 


24029 


24028 


H709 


24708 


25373 


6343 


26021 


5204 


*3459 


23458 


24043 


12021 


24733 


6183 
24748 


25391 


2539 


26029 


26028 


*3473 


23472 


24049 


12024 


24749 


25409 


12704 


26041 


3255 


*3497 


23496 


24061 


24060 


24763 


12381 


25411 


25410 


26053 


2171 


23509 


13508 


24071 


12035 


24767 


24766 


25423 


25422 


26083 


,4^9 


23531 


23530 


24077 


6019 


24781 


24780 


25439 


12719 


26099 


26098 


»3537 


23536 


24083 


1 2041 


24793 


8264 


2S447 


25446 


26107 


4351 


^3539 


23538 


24091 


2190 


24799 


12399 


25453 


4242 


26111 


13055 


23549 


5880 

II78 


24097 


8032 


24809 


3101 


25457 


25456 


261 1 3 


26112 


*3557 


24103 


2678 


24821 


24820 


25463 


25462 


26119 


13059 


23561 


24107 


12053 


24841 


12420 


25469 


25468 


26141 


26140 


23563 


11781 


24109 


8036 


24847 


24846 


25471 


12735 


26153 


3736 


23567 


23566 


24113 


24112 


H851 


4970 


25523 


12761 


26161 


2616 


23581 


23580 


24121 


4020 


24859 


24858 


25537 


25536 


26171 


26170 


»3593 


23592 


24«33 


2011 


24877 


12438 


25541 


25540 


26177 


26176 


23599 


874 


24137 


24136 


24889 


3111 


25561 


6390 


26183 


2014 


23603 


11801 


24151 


12075 


24907 


«H53 
12458 


25577 


mil 


26189 


26x88 


23609 


11804 


24169 


3021 


24917 


25579 


26203 


13x01 


23623 


7874 


24179 


154 


H919 


12459 


25S83 


»5582 


26209 


13104 


23627 


11813 


24181 


4836 


24923 


12461 


25589 


25588 


26227 


1457 


23629 


7876 


24197 


12098 


24943 


8314 


25601 


l^ 


26237 


!^P 


23633 


23632 


24203 


12101 


24953 


24952 


25603 


4267 


26249 


6562 


.Jell 


23662 


24223 


24222 


H967 


•24966 


.25609 


6402 


26251 


26250 
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387 



26261 


26260 


26881 


3360 


17583 


17582 
27010 


2821 J 


5641 


288x3 


2058 


26263 


2918 


26891 


26890 


27611 


28219 


28218 


28817 


28816 


26267 


13133 


26893 


6713 


17617 


27616 


28229 


28228 


18837 


X602 


26293 


2I9I 


26903 


26902 


27631 


4605 


18277 


14138 


28843 


14411 


26297 


26296 


26921 


3365 


27647 


27646 


28279 


14139 


28859 


28858 


26309 


26308 


26927 


26926 


27653 


6913 


28283 


14141 


28867 


48x1 


26317 


1462 


26947 


13473 


27673 


9224 


28289 


14>44 


28871 


14435 


26321 


13160 


26951 


13475 


27689 


13844 


28297 


28296 


28879 


14439 


26339 


2026 


26953 


26952 


27691 


9230 


28307 


14153 


2890X 


|78? 


26347 


4391 


26959 


13479 


27697 


27696 


28309 


28308 


28909 


28908 


26357 


6589 


26981 


26980 


17701 


27700 


18319 


14159 


28921 


7230 


26371 


26370 


26987 


13493 


17733 


4622 


28349 


28348 


28927 


32x4 


26387 


13193 


26993 


26992 


17737 


27736 


28351 


>4>75 


28933 


X4466 


26393 


26392 


27011 


27010 


17739 


13869 


28387 


14193 


28961 


,4480 


26399 


13199 


27017 


27016 


17743 


27742 


28393 


1352 


18979 


28978 


26407 


26406 


27031 


4505 


17749 


17748 


28403 


14201 


29009 


14504 


26417 


26416 


27043 


13521 


17751 


925 


28409 


7102 


29017 


29016 


26423 


26422 


27059 


27058 


17763 


13881 


28411 


284x0 


2902 1 


29020 


26431 


2643 


27061 


27060 


17767 


27766 


28429 


28428 


29023 


29022 


26437 


6609 


27067 


347 


17773 


6943 


18433 


28432 


29027 


14513 


26449 


1653 


27073 


27072 


17779 


17778 


28439 


14119 


29033 


*^2J 


26459 


26458 


27077 


6769 


27791 


13895 


28447 


9482 


29059 


9686 


26479 


4413 


27091 


9030 


17793 


17791 


28463 


114 


29063 


29062 


26489 


1892 


27103 


27102 


27799 


13899 


18477 


14138 


29077 


7169 


26497 


26496 


27107 


13553 


27803 


13901 


28493 


7113 


2910X 


29x00 


26501 


26500 


27109 


9036 


27809 


6951 


28499 


28498 


29123 


14561 


26513 


26512 


27127 


27126 


27817 


456 


28513 


28512 


29129 


7282 


26539 


26538 


17143 


27142 


27823 


27822 


18517 


14258 


29x31 


29130 


26557 


6639 


27179 


27178 


27827 


13913 


18537 


28536 


29x37 


97x2 


26561 


6640 


27191 


13595 
6799 


17847 


17846 


18541 


5708 


29x47 


14573 


26573 


13286 


27197 


^7551 


17850 


18547 


14173 


19*53 


29151 


26591 


2659 


27211 


27210 


27883 


13941 


28549 


18548 


29167 


29x66 


26597 


13*98 


27239 


13619 


27893 


6973 


28559 


14279 


29173 


7193 


26627 


13313 


27241 


3405 


27901 


27900 


28571 


28570 


29x79 


^716 


26633 


26632 


27253 


13626 


27917 


6979 


18573 


14286 


29x91 


973 


26641 


ill: 


27259 


3894 


17919 


''m 


28579 


18578 


2920 X 


1825 


26647 


27271 


4545 


17941 


18591 


1859 


29207 


29206 


26669 


26668 


27277 


1173 


17943 


27941 


28597 


14198 


29209 


X4604 


26681 


1334 


27281 


6820 


17947 


13973 


28603 


14301 


2922 X 


29220 


26683 


4447 


27283 


13641 


17953 


17951 


28607 


28606 


29231 


1913 


26687 


26686 


27299 


27298 


27961 


20 


28619 


28618 


19151 

29269 


5850 


26693 


6673 
26698 


27329 


13664 


27967 


27966 


28621 


3180 


9756 


26699 


17337 
17361 


27336 


27983 


1798* 


28627 


4771 


29287 


29286 


26701 


8900 


6840 


17997 


6999 


28631 


14315 


19197 


29296 


267 n 


2671 


27367 


27366 


28001 


28018 


28643 


X432X 


19303 


1154 


26713 


26712 


17397 


2283 


28019 


28649 


7162 


19311 


14655 


26717 


6679 


27407 


17406 


28017 


4671 


18657 


28656 


19317 


29326 


26723 


13361 


27409 


13704 


18031 


2803 


2866X 


28660 


19333 


7333 


26729 


3341 


27427 


27426 


28051 


9350 


28663 


4777 


19339 


29338 


26731 


26730 


17431 


13715 . 


18057 


28056 


28669 


28668 


19347 


46ll 


26737 


26736 


17437 


m." 


28069 


28068 


28687 


14343 


29363 


26759 


787 


17449 


28081 


1755 


28697 


18696 


19383 


29382 


26777 


26776 


17457 


9151 


28087 


9362 


28703 


18702 


19389 


29388 


26783 


26782 


17479 


13739 


28097 


28096 


28711 


14355 


29399 


14699 


26801 


3350 


27481 


4580 


28099 


9366 


28723 


4787 


29401 


4900 


26813 


13406 
8940 


17487 


17486 


28109 


28108 


28729 


14364 


29411 


5882 


2682 X 


17509 


27508 


181 11 


937 


18751 


1150 


19413 


29421 


26833 


8944 


17517 


27526 


18113 


4687 


18753 


18752 


19419 


29428 


26839 


4473 


27529 


3441 


*!'?' 


28x5 


18759 


14379 


19437 


1453 


26849 


6712 


17539 


3934 
1620 


28163 


1408 1 


18771 


1370 


19443 


19441 


26861 


26862 


27541 


28181 


5636 


18789 


0596 
2I791 


19453 


199 


26863 


17551 
17581 


13775 . 


18183 


28182 


*5Z93 


19473 


29471 


26879 


«3439 


788/ 


28201 


7050 


18807 


9602 


19483 


1474« 
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29501 


29500 


29599 


14799 


«97i7 


14858 


29819 


29818 


29881 


2988 


29527 


777 


296 1 1 


90 


29723 


14861 


29833 


9944 


29917 


7479 


29531 


29530 


29629 


3292 


29741 


29740 


29837 


7459 


29921 


1496 


19537 


29536 


29633 


29632 


*9753 


2975* 


29851 


5970 


29927 


29926 


29567 


29566 


29641 


14820 


»9759 


14879 


29863 


29862 


»9947 


2139 


29569 


2464 


29663 


29662 


29761 


4960 


29867 


14933 


»9959 


14979 


»9573 


7393 


29669 


29668 


29789 


29788 


29873 


29872 


29983 


9994 
29988 


29581 


29580 


29671 


14835 


29803 


4967 


29879 


14939 


29989 


29587 


H793 


29683 


1649 















IV. ''Research on the Smallpox of Sheep/' By E. Klein, M.D., 
Assistant Professor at the Laboratory of the Brown Institu- 
tion, London. Communicated by John Simon, F.R.S., 
D.C.L., Medical Officer of the Privy Council, &c. Received 
June 11, 1874. 

Variola ovina, or smallpox of sheep, is a disease which, although it is 
not communicable to man, and possesses a specific contagium of its own, 
very closely resembles human smallpox, both as regards the development 
of the morbid process and the anatomical lesions which accompany it. 
This correspondence is so complete, that it cannot be doubted that the 
pathogeny of the two diseases is the same. The present investigation 
was therefore undertaken in the confidence that the application of the 
experimental method to the investigation of the ovine disease would not 
only yield results of value, as contributory to our knowledge of the infec- 
tive process in general, but would throw special light on the pathology 
of smallpox. 

The paper consists of four sections. In the first, the author gives an 
account of his experimental method, which consisted in communicating 
the disease by inoculation to a sufficient number of sheep, and in investi- 
gating anatomically (1) the pustules produced at the seat of inoculation, 
and (2) those constituting the general eruption. The lymph employed 
was obtained by the kindness of Prof. Chauveau, of Lyons, and Prof. 
Cohn, of Breslau. 

In the second section, the organisms contained in fresh lymph, and the 
organic forms derived from them by cultivation, are described. The 
author finds that fresh lymph contains spheroidal bodies of extreme 
minuteness, which correspond to the micrococcus of Hallier and to the 
spheroids described by Cohn and Sanderson in vaccine lymph. It also 
contains other forms, not previously described, which in their develop- 
ment are in organic continuity with the micrococci. 

The third section contains a complete anatomical description of the skin 
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of the sheep, with special reference to those particulars in which it differs 
from that of man. 

The remainder of the paper is occupied with the investigation of the 
changes which occur in the integument at the seat of the inoculation, and 
with the auatomical characters of the secondary pustules. 

The most important results are the following : — 

1. The development of the primary pock may be divided into three 
stages, of which the first is characterissed by progressive thickening of the 
integument over a rapidly increasing but well-defined area ; the second, by 
the formation of vesicular cavities containing clear liquid (the *' cells " 
of older authors) in the rete Malpighii ; the third, by the impletion of 
these cavities with pus-corpuscles and other structures. It is to be 
noted that the division into stages is less marked than in human small- 
pox. 

2. The process commences in the rete Malpighii and in the subjacent 
papillary layer of the corium — in the former, by the enlargement and in- 
creased distinctness of outline of the cells, and by corresponding germir 
native changes in their nuclei ; in the latter, by the increase of size of the 
papOlffi, and by germination of the epithelial elements of the capillary 
blood-vessels. 

3. It is next seen that the interfascicular channels (lymphatic canali- 
culi) of the coriimi are dilated and more distinct ; that the lining cells of 
these channels are enlarged and more easily recognized than in the 
natural state ; and that, in the more vascular parts of the corium, the 
channels are more or less filled with migratory, or lymph, corpuscles. At 
the same time, the lymphatic ve^els, of which the canaliculi are tribu- 
taries, can be readily traced, in consequence of their being distended with 
a material which resembles coagulated plasma. 

4. About the third day after the appearance of the pock, the contents 
of the dilated lymphatics begin to exhibit characters which are not met 
with in ordinary exudative processes. These consist in the appearance, 
in the granular material already mentioned, of organized bodies, which 
neither belong to the tissue nor are referable to any anatomical type-— 
viz. of spheroidal, or ovoid, bodies having the characters of micrococci and 
of branched filaments. These last may be either sufficiently sparse to be 
easily distinguished from each other, or closely interlaced so as to form 
a felt-like mass. 

5. The process, thus commenced, makes rapid progress. Aft^r one or 
two days, the greater number of the lymphatics of the affected part of 
the corium become filled with the vegetation above described ; and on 
careful examination of the masses, it is seen that they present the cha- 
racters of amycelium^from which necklace-like terminal filaments spring, 
each of which breaks off, at its free end, into conidia. In most of the 
filaments, a jointed structure can be made out, and, in the larger ones, the 
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contents can be distinguished from the enclosing membrane by their yel- 
lowish-green colour. 

6. At the same time that these appearances present themselves in the 
corium, those changes are beginning in the now much thickened rete Mal- 
pighii which are preparatory to the formation of the vesicular cavities 
already mentioned. By a process which the author designates homy 
transformation, having its seat in the epithelial cells of the middle layer of 
the rete Malpighii, a homy expansion, or stratum, appears, lying in a plane 
parallel to the surface, by which the rete Malpighii is divided into two 
parts, of which one is more superficial, the other deeper than the homy 
layer. Simultaneously with the formation of the homy layer the cells of 
the rete nearest the surface of the corium undergo very active germina- 
tion, in consequence of which the interpapillary processes not only 
enlarge, but intrude in an irregular manner into the subjacent corium. 
At the same time, the cells immediately below the homy stratum begin to 
take part in the formation of the vesicular cavities, some of them en- 
larging into vesicles, while others become flattened and scaly, so as to 
form the septa by which the vesicular cavities are separated from each 
other. 

7. The vesicles, once formed, increase in form and number. Originally 
separate, and containing only clear liquid, they coalesce, as they get 
larger, into irregular sinuses, and are then seen to contain masses of vege- 
tation similar to those which have been already described in the lymphatic 
system of the corium — with this difference, that the filaments of which 
the masses are composed are of such extreme tenuity, and the conidia 
are so small and numerous, that the whole possesses the characters of 
soogliBa rather than of mycelium. However, the author has no doubt 
that these aggregations are produced in the same way as the others, viz. 
by the detachment of conidia from the ends of filaments. In the earlier 
stages of the process the cavities contain scarcely any young cells. 
Sooner or later, however, so much of the rete Malpighii as lies between 
the homy stratum and the papillae becomes infiltrated with migratory 
lymph-corpuscles. The process can be plainly traced in the sections. At 
the period of vesiculation, %» e. at a time corresponding to the commence- 
ment of the development of the vesicles in the rete Malpighii, the cutis 
(particularly towards the periphery of the pock) is infiltrated with these 
bodies. No sooner has the coalescence of the vesicles made such progress 
as to give rise to the formation of a system of intercommunicating 
sinuses, than it is seen that the whole of the deep layers of the rete Mal- 
pighii become inundated (so to speak) with migratory cells, which soon 
find their way towards the cavities, and convert them into microscopical 
collections of pus-corpuscles, the formation of which is proved to be due 
to migration from the corium, not only by the actual observation of 
numerous amceboid cells in transitu^ but by the fact that the corium itself. 
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before so crowded with these bodies, becomes, as the pustulation advances, 
entirely free from them. 

8. The concluding section of the paper is occupied with the descrip- 
tion of the secondary eruption, the anatomical characters of which very 
closely resemble those which have been already detailed. 



V. '' Researches in Spectrum- Analysis in connexion with the 
Spectrum of the Snn." — No. IV. By J. Norman Locktbb, 
F.R.S. Received May II, 1874. 

(Abstract.) 

Maps of the spectra of calcium, barium, and strontium have been con- 
structed from photographs taken by the method described in a former 
communication (the third of this series). The maps comprise the portion 
of the spectrum extending from wave-length 3900 to wave-length 4600, 
and are laid before the Society as a specimen of the results obtainable by 
the photographic method, in the hope of securing the cooperation of other 
observers. The method of mapping is described in detail, and tables of 
wave-lengths accompany the maps. The wave-Jengths assigned to the 
new lines must be considered only as approximations to the truth. Many 
of the coincidences between lines in distinct spectra recorded by former 
observers have been shown, by the photographic method, to be caused by 
the presence of one substance as an impurity in the other ; but a certain 
number of coincidences still remain undetermined. The question of the 
reversal of the new lines in the solar spectrum is reserved till better pho- 
tographs can be obtained. 



VI. '' An Account of certain Organisms occurring in the Liquor 
Sanguinis.'^ By William Osler, M.D. Communicated by 
J. BuRDON Sanderson, M.D., F.R.S. Received May 6, 
1874. 

In many diseased conditions of the body, occasionally also in perfectly 
healthy individmds and in many of the lower animals, careful investi- 
gation of the blood proves that, in addition to the usual elements, there 
exist pale granular masses, which on closer inspection present a corpus- 
cular appearance (Plate V. ^%. 1). There are probably few observers in the 
habit of examining blood who have not, at some time or other, met with 
these structures, and have been puzzled for an explanation of their 
presence and nature. 

VOL. xrn. 2 Ji 
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In size they vary greatly, from half or quarter that of a white blood- 
corpuscle, to enormous masses occupying a large area of the- field or 
eren stretching completely, across it. They usually assume a somewhat 
round or oval form, but may be elongated and narrow, or, from the 
existence of numerous projectiqps, ofEer a very irregular outline. They 
have a compact solid look, and by focusing are seen to possess consider- 
able depth ; while in specimens examined without any reagents- the fila- 
ments of fibrin adhere- to them, and, entangled in their interior, white 
corpuscles are not imfrequeritly met with. -- . 

It is not from every mass that a judgment &ui be formed of their true 
nature, as the larger, more closely arrwiged. ones have rather the appear- 
ance of a granular body, and it is with difficulty that the individual ' 
elements can be focused. When, however, the more loosely composed 
ones are chosen, their intimate composition can be studied to advantage, 
especially at the borders, where only a single layer of corpuscles may * ^ 
eaist ; and when examined with a high power (9 or 10 Hartnack) thes^ 
M^orpuscles are seen to be pale round disks, devoid of gnmules and with 
well-defined contours. Some of the corpuscles generally float free in the • 
fluid about the mass ; and if they turn half over their profile view has the 
appearance of a sharp dark line {^g, 5, a &b)^ In water the individual 
cc»*puscles composing the mass swell greatly ; dilute acetic acid rend^n 
them more distinct, while dilute potash solutions quickly dissolve them. 
• Measurements give, for the large proportion of the corpuscles, a diameter 
ranging from one 8000th to one 10,000th of an inch ; the largest are as 
much as one 5000th, and the smallest from one 15,000th to oue 24,000th 
of an inch ; so that they may be said to be from ^| the siz^ of a red 
corpuscle. In the blood of ca^, rabbits, dogs, guineapigs, and rats the 
masses are to be foimd in variable numbers. New-bom rats are specially 
to be recommended as objects of study, as in their -blood the masses are 
conunonly both numerous and large. They occur also in the blood of 
foetal kittens. 

Considering their prevalence in disease and among some of the lower 
animals, they have attracted but little notice, and possess a comparatively 
scanty literature. The late Prof. Max Schultze * was the first, as far as 
I can ascertain, to describe and figure the masses in question. He speaks 
of them as constant constituents of the blood of healthy individuals, but 
concludes that we know nothing of their origin or destiny, suggesting, 
however, at the same time that they may arjse from the degeneration 
of granular white corpuscles. Schultze's observations were confined to 
the blood of healthy persons, and he seemed of the opinion that no 
pathological significance was to be attributed to them. 

By far the most systematic account is ^ven by Dr. Siess t, in an 

• Arohir f. mik. Anat Bd. i. ' " 

t Beiohert u, Du Bois-BejmondV Ardur, 1872. 
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' article in which he records the results of a long series of observations on 
Ibheir presence in various acute and chronic diseases. His investigations 
of the blood of patients, which were much more extensive than any 
I have been able to undertake, show that, in all ex&nthems and chronic 
afEections of whatever sort, indeed in almost all cases attended with 
disturbance of function and debility, these masses are to be found. He 
concludes that their number is in no proportion to the severity of the 
disease, and that they are more numerous , in the latter stages of an 
affection, after the acute symptoms have subsided. The former of these 
propositions is undoubtedly true, as I have rarely found masses larger or 
more abundant than I, at one tiqcie, x>btained from my own blood when in 
a condition of perfect health. These twO accounts may be said to com- 
prise every thing of any importance that has been written concerning these 
bodies. The following observers refer to them cursorily : — Erb *, in a 
paper on the development of the red corpuscles, speaks of their presence 
u^der both healthy and diseased conditions : he had hoped, in the begin- 
ning of his research, that they might stand, as Zimmerman supposes (see 
below), in some connexion with the brigin and development of the red 
corpuscles-; but, as he proceeded, the fallacy of this view became evident 
, to him. Bettelhein^ t seems to re|f er to these corpuscles when he speakd 
of finding in iiie blood of persons, healthy as well as diseased, small 
punctiform, or rod-shaped, cot^uscles of various sizes. JJbriatol and 
Kienert^ describe in blood small round corpuscles, whose measurements 
agree with the ones under consideration ; and they also speak of their 
exhibiting slight movements. Eiess §, in a criticism on a work of the 
next-mentioned author, again refers to these masses, and reiterates his 
statements concerning them. Birsch-Hirschfeld|| had noticed them and 
the similarity the corpuscles bore to micrococci, and suggests that under 
some conditions Bacteria might develop from them. Zimmerman ^ has 
described corpuscular elements in the blood, which, with reference to the 
bodies in question, demand a notice here. He let blood flow directly into 
a solution of a neutral salt, and, after the subsidence of the coloured 
elements, examined the supernatant serum, in which he found, in extra- 
ordinary numbers, small, round, colourless corpuscles with weak contours, 
to which he gave the name of " elementary corpuscles.'' These he met 
with in human blood both in health and disease and in the blood of the 
lower animals; and he found gradations between the smaller (always colour- 
less) forms and full-sized red corpuscles. He gives me^urements (for the 
smaller ones, from one 1000th to one 800th o£ a line ; the largest, one 

• Virchow's Arohir, Bd. xxziv. 

t Wiener med. Presse, 1868, No. 13. 

t Comptes BenduB, Ixtu. 1054. Quoted in ' Centralblatt,' 1869, p. 96. 

§ Centralblatt,1873,No.34. 

I Gentralblatt, 1873, No. 39. 

% Virchow's Archir,* Bd. xviii. 

2h2 
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500th to one 400th of a line), and speaks of them also as occurring in 
clumps and groups of globules. Tt is clear, on reading his account, 
that in part, at any rate, he refers to the corpuscles above described. 
Gradations such as* he noticed between these and the coloured ele- 
ments I have never met with, and undoubtedly he was dealing with the 
latter in a partially decolourized condition. Lostorfer s * corpuscles, 
which a+;tracted such attention a few years ago from the assertion of the 
discoverer that they were peculiar to the blood of syphilitic patients, 
require for their production an artificial culture in the moist chamber 
extending over several days. They appear first after two or three 
days, or even sooner, as small bright corpuscles, partly at rest, partly in 
motion, which continue to increase in size, till, by the sixth or seventh 
day, they have attained the diameter of a red corpuscle, and may possess 
numerous processes or contain vacuoles in their interior. Blood from 
healthy individuals, as well as from diseases other than syphilis, has 
been shown to yield these corpuscles ; and the general opinion at present 
held of them is that they are of an albuminoid nature. 

The question at once most naturally arose, How is it possible for such 
masses, some measuring even one 400th of an inch, to pass through the 
capillaries, unless supposed to possess a degree of extensibility and 
elasticity such as their composition hardly warranted attributing to 
them ? Neither Max Schultze nor Eiess offer any suggestion on this 
point, though the latter thinks that they might, under some conditions, 
produce embolism. 

During the examination of a portion of loose connective tissue from 
the back of a young rat, in a large vein which happened to be in the 
specimen, these same corpuscles were seen, not, however, aggregated 
together, but isolated and single amoDg the blood-corpuscles (fig. 8); and 
repeated observations demonstrated the fact that, in a drop of blood 
taken from one of these young animals, the corpuscles were always to 
be found accumulated together ; while, on the other hand, in the vessels 
(whether veins, wteries, or capillaries) of the same rat they were always 
present as separate elements, showing no tendency to adhere to one 
another. The masses, then, are formed at the moment of the withdrawal 
of the blood, from corpuscles previously circulating free in it. 

To proceed now to the main subject of my communication. If a drop 
of blood containing these masses is mixed on a slide with an equal quan- 
tity of saline solution, |-| per cent., or, better still, perfectly fresh serum, 
covered, surrounded with oil, and kept at a temperature of about 37° C, 
a remarkable change begins in the masses. If one of the latter is chosen 
for observation, and its outline carefully noted, it is seen, at first, that 
the edge presents a tolerably uniform appearance, a few filaments of 

* Wiener med. Presse, 1872, p. 93. Wiener med. Wochenschrift, 1872, No.8. Article 
in ArduT f. Dermatolog. 1872. 
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fibrin perhaps adhering to it, or a few small corpuscles lying free in 
the vicinity. These latter soon exhibit apparent Brownian movements, 
frequently turning half over, and showing their dark rod-like border 
(jag, 5, a, 6). After a short time an alteration is noticed in the presence 
of fine projections from the margins of the mass, which may be either 
perfectly straight, or each may present an oval swelling at the free or 
attached end or else in the middle (j^g, 2, 6). It is further seen that 
the edges of the mass are now less dense, more loosely arranged, or, if 
smaU, it may have a radiated aspect. Sometimes, before any filaments 
are seen, a loosening takes place in the periphery of the mass, and among 
these semifree corpuscles the first development occurs. The projecting 
filaments above mentioned soon begin a wavy motion, and finally break 
ofE from the mass, moving away free in the fluid. This process, at first 
limited, soon becomes more general ; the number of filaments which pro- 
ject from the mass increases, and they may be seen not only at the lateral 
borders, but also, by altering the focus, on the surface of the mass, as 
dark, sharply defined objects. The detachment of the filaments proceeds 
rapidly ; and in a short time the whole area for some distance from the 
margins is alive with moving forms (fig. 2, c, and fig. 3), which spread 
themselves more and more peripherally as the development continues in 
the centre. In addition to the various filaments, swarming granules are 
present in abundance, and give to the circumference a cloudy aspect, 
making it difficult to define the individual forms. The mass has now 
become perceptibly smaller, more granular, its borders indistinct and 
merged in the swarming cloud about them ; but corpuscles are still to be 
seen in it, as well as free in the field. A variable time is taken to arrive 
at this stage ; usually, however, it takes place within an hour and a half, 
or even much less. The variety of the forms increases as the develop- 
ment goes on ; and whereas, at first, spermatozoon-like or spindle-shaped 
corpuscles were almost exclusively to be seen, later more irregular forms 
appear, possessing two, three, or even more tail-like processes of extreme 
delicacy {%g, 5, h). The more active ones wander towards the periphery, 
pass out of the field, and become lost among the blood-corpuscles. The 
process reaches its height within 2 J hours, and from this time begins 
almost imperceptibly to decline ; the area about the mass is less densely 
occupied by the moving forms, and by degrees becomes clearer, till at 
last, after six or seven hours (often less), scarcely an element is to be seen 
in the field, and a granular body, in which a few corpuscles yet exist, is 
all that remains of the mass. The above represents a tjpical develop- 
ment from a large mass in serum, such as that seen in fig. 3*. 

We have next to study more in detail the process of development 
and the resulting forms. Commonly, the first appearance of activity is 

* The mass from which this sketch was taken was seen in full development by several 
of the foreign visitors to the British Medical Association last year. 
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displayed by the small free corpuscles at the margins, which, previously 
quiescent, begin a species of jerky irregular movement, at one time with 
their pale disk-surfaces uppermost, at another presenting their dark 
linear profiles (fig. 5, a & 5). Not unfrequently, some of these are seen 
with a larger or smaller segment of their circumference thicker and ' 
darker than the other (fig. 6, e). 

Earliest, and perhaps the most plentiful, of the forms are those of 
a spermatozoon-like shape (fig. 5, d\ attached to the mass either by the 
head or tail ; while, simultaneously, long bow-shaped filaments appear 
(fig. 5, e\ having an enlargement in the centre. Straight hair-like filaments 
(fig. 5, f) may also be seen, but they are not very numerous. The time 
which elapses before they begin the wavy movement is very variable, as 
is also the time when they break away after once beginning it. Fila* 
ments may be seen perfectly quiescent for more than half an hour before 
they move, and others may be observed quite as long in motion before 
they succeed in breaking away from the mass. Commonly it is in the 
smaller masses, and where the development is feeble, that filaments re- 
main for any time adherent. The spermatozoon-like forms appear, at' the 
head, on one view flattened and pale, on the other dark and linear 
(fig. 5, d) ; consequently the head is discoid, not spheroidal. The bow- 
shaped filaments also present a dark straight aspect when they turn over 
(fig. 5, e\ and are by far the longest of the forms, some measuring as 
much as one 900th of an inch. Many intermediate forms between the 
round discoid corpuscles and those with long tails are met with in the 
field, and are figured at fig. 5, g. 

Small rod-shaped forms are very numerous, most of which, however, 
on one aspect look corpuscular ; but in others this cannot be detected, or 
only with the greatest difficulty ; slight enlargements at each end may 
also be seen occasionally in these forms (fig. 5, h). 

Usually late to appear, and more often seen in the profuse develop- 
ments from large masses, are the forms with three or more tail-like pro- 
cesses attached to a small central body (fig. 5, h). Among the granules 
it is extremely ^fficult to determine accurately the number of these pro- 
cesses, the apparent number of which may also vary in the different posi- 
tions assumed by the element. As to the ultimate destiny of the indi- 
vidual forms, I have not much to offer ; I have watched single ones, with 
this view, for several consecutive hours without noticing any material 
alteration in them. The one represented at fig. 6 was watched for four 
hours, that at fig. 7 for five, and the changes sketched. The diffi- 
culty of following up individual filaments in this way is very great, not 
only from the ensuing weariness, but from the obstacle the red corpuscles 
offer to it. 

With regard to the movement of the filaments, this, at first sight, 
bears some resemblance to that known as the Brownian, exhibited by 
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granules in the field, or soinetimes by the red corpuscles ; but an evident 
difEerence is soon noticed in the fact that, while the former (also the 
'small corpuscles) undergo a change of place, the latter remain constant 
in one position or vary but little. 

Movements like those of the ordinary rod-shaped Bacteria are not 
exhibited by them. 

Circumstances which influence the development. — In blood, without 
l^e addition of saline solution or serum, no change takes place in the 
masses even after prolonged warming. A temperature of about 37^ 0. 
is necessary for the process ; none occurs at the ordinary temperature, 
with or without the addition of fluid. Fresh serum is the medium most 
favourable to the process, added in quantity equal to the amoiintof blood. 
Not every mass develops when placed under conditions apparently 
favourable ; but for this no good reason can, at present, be offered. 

Fig. 8 represents the corpuscles among the red ones while in the 
vessel ; and, as is there seen, they appear somewhat more elliptical on the 
profile view, and more elongated, than in blood after withdrawal, but 
present the same disk-like surfaces when they roll over. On adding 
saline solution or serum, and warming the preparation, development 
proceeds, but not to such an extent as from the masses. The individual 
corpuscles become elongated, some tailed, and they move about in the 
vessel. At fig. 9 they are seen in the vessel after three hours on the 
warm stage: the remarkable form seen at a was one 1300th of an 
inch in length, and had moved up from the opposite end of the vessel. 

It must still be confessed, with Max Schultze, that we know nothing 
of the origin or destiny of these corpuscles ; and once admit their exist* 
ence as individual elements circulating in the blood, his "suggestion, 
and Biess's assertion that the masses arise from the disintegration of 
white corpuscles, becomes quite untenable. We must also confess the 
same ignorance of the reasons of their increase in disease ; nor do we 
know at all what influence they may exert in the course of chronio 
affections. 

Finally, as there is no evidence that these bodies are in organic con- 
tinuity with any other recognized animal or vegetable form, or possess 
the power of reproduction, nothing can at present be said of their nature 
or of their relation to Bacteria, 

These observations were carried on in the Physiological Laboratory of 
University College, and my thanks are due to Prof. Sanderson and Mr, 
Schafer for advice and valuable assistance. 

EXPLANATION OF THE PLATE. 

Plate V. 

Fig. 1. Common forms of the maMes from healthy blood. (Ocular 3, Objeotire 5.) 
Fig. 2. A mass from healthy blood, in saline solution, showing stages of derelopment : 
0, at 10 A.M. ; ft, at 10.30 a.m. ; c, at 11 a.m. (Ocular 3, Objeotiye 7.) 
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Fig. 3. Mom from blood of joung rat (in serum) in full derelopment, after two hours' 
warming. (Ocular 3, Objective 7.) 

Fig. 4. Mass (young rat) with blood-oorpuBcles about it, to show the relatire sizes. 
(Ocular 3. Objective 5.) 

Fig. 5. Some of the developed forms as seen with No. 11 Hartnack. (See text) 

Fig. 6. Form watched for four hours. (Oculnr 3, Objective 9.) 

Fig. 7. Form watched for five hours. (Ocular 3, Objective 9.) 

Fig. 8. Small vein in connective tissue from the back of a joung rat, showing the cor- 
puscles free among the red ones. (Ocular 3, Objective 7.) 

Fig. 9. Small vein from the connective tissue of a rat (in serum), showing corpuscles and 
developed forms. (Ocular 3, Objective 9.) 



VII. '' On Coniferine^ and its Conversion into the Aromatic Prin- 
ciple of Vanilla.'^ By Ferd, Tiemann and Wilh. Haarmann. 
Communicated by A. W. Hofmann, LL.D., F.R.S. Received 
May 11, 1874. 

The sap of the cambium of coniferous trees contains a beautiful crystal- 
line glucoside, coniferine, which was discovered by Hartig and examined 
some years ago by Kubel, who arrived at the formula 

C,*H.,0,,+ 3aq. 

A minute study of this compound leads us to represent the molecule 
of coniferine by the expression 

C,.H„03 + 2aq, 

the percentages of which nearly coincide with the theoretical values of 
Kubel's formula. 

Submitted to fermentation with eniulsine, coniferine splits into sugar 
and a splendid compound, crystallizing in prisms which fuse at 73^. 
This body is easily soluble in ether, less so in alcohol, almost insoluble 
in water ; its composition is represented by the formula 

The change is represented by the equation 

C.. H., O. + H, O = C. H., O. + C„ H„ O.. 

Under the influence of oxidizing agents the product of fermentation 
undergoes a remarkable metamorphosis. On boiling it with a mixture of 
potassium bichromate and sulphuric acid, there passes with the vapour 
of water, in the first place ethylic aldehyde, and subsequently an add 
compound soluble in water, from which it may be removed by ether. On 
evaporating the ethereal solution, crystals in stellar groups are left 
behind, which fuse at 81°. These crystals have the taste and odour of 
vanilla. An accurate comparative examination has proved them to be iden- 
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tical with the crystalline substance which constitutes the aroma of vanilla, 
and which is often seen covering the surface of vanilla-rods. 
On analysis, the crystals we obtained were found to contain 

C.H.O.. 

This is exactly the composition which recent researches of Carles have 
established for the aromatic principle of vanilla. The transformation of 
the crystalline product of fermentation into vanilline is represented by 
the following equation : — 

C.,H„0. + = C,H,0 + C.H.O,. 

To remove all doubt regarding the identity of artificial vanilline with 
the natural compound, we have transformed the former into a series of 
salts which have the general formula 

C,H,MO„ 

and into two substitution-products, 

C,H,BrO. 

and 

C.H,IO., 

both of which had previously been prepared by Carles from the natural 
compound. 

In order further to elucidate the nature of vanilline, we have submitted 
this body to fusion with alkali. The product of this action is a well- 
known add discovered by Strecker, and described by him as proto- 
catechuic acid, 

C,H.O^ 

which is thus formed — 

C^H.O, + 40 = C,H.O, + H,0 + CO,. 

We have identified this substance by analysis, by the study of its 
reactions, and also by transforming it into pyrocatechine, C,H, 0„ 

C,H,0, = C.H.O, + CO,. 

The transformation into protocatechuic acid fixes the constitution of 
vanilline. This compound is the methylated aldehyde of protocatechuic 
add ; its composition referred to benzol is represented by the formula 

/OCH, 
C.H.^OH 
NCOH. 
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Indeed, submitted under pressure to the action of hydrochloric add, 
vamlline splits into chloride of methyl and protocatechuic aldehyde, 

/OCH, /OH 

C,H3<^0H + Ha ^ CH,C1 + C.H,^OH 
\COH \COH. 

A corresponding action takes place with hydriodic add ; but in this 
case the aldehyde is destroyed. 

An additional proof of the correctness of our view regarding the con- 
stitution of vaniUine is obtained by treating this substance with acetic 
anhydride and benzoyl chloride. 

The action does not go beyond the formation of the compounds 

/OCH, 
C.H3^0C,H.O 

\C0H, 
and 

/OCH, 
C.H,^OC,H.O 

\COH, 

showing that vanilline does not contain more than one hydroxylic 
group. 

The constitution of yanilline being thus made out, there could be no 
doubt regarding the structure of the product of fermentation from which 
yanilline arises. This compound is the ethylic ether of yanilline, 

/OCH, 

C.H,^OC,H. 

\COH. 

That such is the constitution of the body is proyed by the simultaneous 
formation of ethylic aldehyde when vanilline is formed. We obtained, 
howeyer, an additional confirmation of this conception by submitting the 
product of fermentation to the action of hydriodic add under pressure, 
when an alcohol iodide was formed, which we succeeded in separating 
into the iodides of methyl and ethyl, 

/OCH, /OH 

C,H,^OC,H. + 2HI = CH,I + C,H.I + C,H,^H 
\COH \COH. 

The experiments we haye described in this note were performed in the 
laboratory of Professor A. W. Hof mann, to whom we are deeply indebted 
for the advice and assistance he has given us in the course of these 
researches. 
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VIII. ^^ On the Forces caused by Evaporation from, and Conden* 
sation at, *a Surface/' By Prof. Osborne Reynolds, of 
Owens College, Manchester. Communicated by B. Stewart, 
F.R.S. Received May 16, 1874. 

It has been noticed by several philosophers, and particularly by Mr. 
Crookes, that, imder certain circumstances, hot bodies appear to repel and 
cold ones to attract other bodies. It is my object in this paper to point 
out, and to describe experiments to prove, that these effects are the 
results of evaporation and condensation, and that they are valuable 
evidence of the truth of the kinetic theory of gas, viz. that gas consists 
of separate molecules moving at great velocities. 

The experiments of which the explanation will be given were as 
follows : — 

A light stem of glass, with pith-balls on its ends, was suspended by a 
sOk thread in a glass flask, so that the balls were nearly at the same 
level. Some water was then put in the flask and boiled imtil all the air 
was driven out of the flask, which was then corked and allowed to cool. 
When cold there was a partial vacuum in it, the gauge showing from 
ll to I of an inch pressure. 

It was now found that when the flame of a lamp was brought near 
to the flask, the pith- ball which was nearest the flame was driven away, 
and that with a piece of ice the pith was attracted. 

This experiment was repeated under a variety of circumstances, in 
different flasks and with different balances, the stem being sometimes ai 
glass and sometimes of platinum ; the results, however, were the same in 
all cases, except such variations as I am about to describe. 

The pith-balls were more sensitive to the heat and cold when the flask 
was cold and the tension within it low ; but the effect was perceptible 
until the gauge showed about an inch, and even after that the ice would 
attract the ball. 

The reason why the repulsion from heat was not apparent at greater 
tensions, was clearly due to the convection-currents which the heat gene- 
rated within the flask. When there was enough vapour, these currents 
carried the pith with them ; they were, in fact, then sufficient to over- 
come the forces which otherwise moved the pith. This was shown by 
the fact that when the bar was not quite level, so that one ball was 
higher than the other, the currents affected them in different degrees ; 
also that a different effect could be produced by raising or lowering the 
position of the flame. 

The condition of the pith also perceptibly affected the sensitiveness of 
the balls. When a piece of ice was placed against the side of the glass, 
the nearest of the pith-balls would be drawn towards the ice, and would 
eventually stop opposite to it. If allowed to remam in this condition 
for some time, the vapour would condense on the ball near the ice. 
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while the other ball would become dry (this would be seen to be the 
case, and was also shown, by the tipping of the balance^ that ball against 
the ice gradually getting lower). It was then found, when the ice was 
removed, that the dry ball was insensible to the heat, or nearly so, while 
that ball which had been opposite to the ice was more than ordinarily 
sensitive. 

If the flask were dry and the tension of the vapour reduced with the 
pump until the gauge showed | of an inch, then, although purely steam, 
the vapour was not in a saturated condition, and the pith-balls which 
were dry were no longer sensitive to the lamp, although they would still 
approach the ice. 

From these last two facts it appears as though a certain amount of 
moisture on the balls was necessary to render them sensitive to the heat. 

In order that these results might be obtained, it was necessary that 
the vapour should be free from air. If a small quantity of air was 
present, although not enough to appear in the gauge, the effects rapidly 
diminished, particularly that of the ice, until the convection-currents had 
it all their own way. This agrees with the fact that the presence of a 
small quantity of air in steam greatly retards condensation and even 
evaporation. 

With a dry flask and an air-vacuum, neither the lamp nor the ice 
produced their effects ; the convection-currents reigned supreme even 
when the gauge was as low as ^ inch. Under these circumstances the 
lamp generally attracted the balls and the ice repelled them, i,e. the 
currents carried them towards the lamp and from the ice ; but, by placing 
the lamp or ice very low, the reverse effects could be obtained, which 
goes to prove that they were the effects of the currents of air. 

These experiments appear to show that evaporation from a surface is 
attended with a force tending to drive the surface back, and condensa- 
tion with a force tending to draw the surface forward. These effects 
admit of explanation, although not quite as simply as may at flrst sight 
appear. 

It seems easy to conceive that when vapour is driven off from a body 
there must be a certain reaction or recoil on the part of the body ; Hero's 
engine acts on this principle. If a sheet of damp paper be held before 
the fire, from that side which is opposite to the fire a stream of vapour 
will be drawn off towards the fire with a perceptible velocity ; and there- 
fore we can readily conceive that there must be a corresponding reaction, 
and that the paper will be forced back with a force equal to that which 
urges the vapour forwards. And, in a similar way, whenever condensa- 
tion goes on at a surface it must diminish the pressure at the surface, 
and thus draw the surface forwards. 

It is not, however, wholly, or even chiefly, such visible motions as these 
that afford an explanation of the phenomena just described. If the only 
forces were those which result from the perceptible motion, they would 
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be insensible, except when t^e heat on the surface was sufficiently 
intense to drive the vapour off with considerable velocity. This, indeed, 
might be the case if vapour had no particles and was, what it appears to 
be, a homogeneous elastic medium, and if, in changing from liquid into 
gas, the expansion took place gradually, so that the only velocity acquired 
by the vapour was that necessary to aUow its replacing that which it 
forces before it and giving place to that which follows. 

But, although it appears to have escaped notice so far, it follows, as a 
direct consequence of the kinetic theory of gases, that, whenever evapo- 
ration takes place from the surface of a solid body or a liquid, it must 
be attended with a reactionary force equivalent to an increase of pressure 
on the surface, which force is quite independent of the perceptible 
motion of the vapour. Also, condensation must be attended with a force 
equivalent to a diminution of the gaseous pressure over the condensing 
surface, and likewise independent of the visible motion of the vapour. 
This may be shown to be the case as follows : — 

According to the kinetic theory, the molecules which constitute the 
gas are in rapid motion, and the pressure which the gas exerts against 
the bounding surfaces is due to the successive impulses of these molecules, 
whose course directs them against the surface, from which they rebound 
with unimpaired velocity. According to this theory, therefore, whenever 
a molecule of liquid leaves the surface henceforth to become a molecule 
of gas, it must leave it with a velocity equal to that with which the 
other particles of gas rebound — that is to say, instead of being just 
detached and quietly passing off into the gas, it must be shot off with a 
velocity greater than that of a cannon-baU. Whatever may be the nature 
of the forces which give it the velocity, and which consume the latent 
heat in doing so, it is certain, from the principle of conservation of 
momentum, that they must react on the surface with a force equal to 
that exerted on the molecule, just as in a gun the pressure of the powder 
on the breech is the same as on the shot. 

The impulse on the surface from each molecule which is driven off 
by evaporation must therefore be equal to that caused by the rebound 
of one of the reflected molecules, supposing all the molecules to be of 
the same size ; thai, is to say, since the force of rebound will be equal to 
that of stopping, the impulse from a particle driven off by evaporation 
will be half the impulse received from the stopping and reflection of a 
particle of the gas. Thus the effect of evaporation will be to increase 
the number of impulses On the surface ; and although each of the new 
impulses will only be half as effective as the ordinary ones, they will add 
to the pressure. 

In the same way, whenever a molecule of gas comes up to a surface 
and, instead of rebounding, is caught and retained by the surface, and is 
thus condensed into a molecule of liquid, the impulse which it will thus 
impart to the surface will only be one half as great as if it had rebounded. 
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Henoe condensation will reduce the magnitude of some of the impulses, 
and therefore will reduce the pressure on the condensing surface. 

For instance, if there were two surfaces in the same vapour, one of 
which was dry and the other evaporating, then the pressure would 
be greater on the moist surface than on that which was dry. And, 
again, if one of the surfaces was dry and the other condensing, then 
the pressure would be greater on the dry surface than on that which 
was condensing. Hence, if the opposite sides of a pith-ball in vapour were 
in such different conditions, the ball would be forced towards the colder 
side. 

These effects may be expressed more definitely as foUows : — 
Let V be the velocity with which the molecules of the vapour move, 
j> the pressure on a unit of surface, 
d the weight of a unit of volume of the vapour, 
w the weight of liquid evaporated or condensed in a second ; 
then the weight of vapour which actually strikes the xmit of dry 
surface in a second will be. 

di) 

and the pressure p will be given by 

ndv^^ 

and / (the force arising from evaporation) will be given by 
therefore 



f=-\/fc' 



/=«'V id 

Thus we have an expression for the force in terms of the quantity of 
water evaporated and the ratio of the pressure to the density of the 
vapour; and if the heat necessary to evaporate the liquid (the latent 
heat) is known, we can find the force which would result from a given 
expenditure of heat. 

Applying these results to steam, we find that, at a temperature of 60°, 
the evaporation of 1 lb. of water from a surface would be sufficient to 
maintain a force of 65 lbs. for one second. 

It is also important to notice that this force will be proportional to the 
square root of the absolute temperature, and, consequently, will be 
approximately constant between temperatures of 32° and 212°. 

If we take mercury instead of water, we find that the force is only 
6 lbs. instead of 65 lbs. ; but the latent heat of mercury is only ^ that of 
water, so that the same expenditure of heat would m ai n tain nearly three 
times as great a force. 

It seems, therefore, that in this way we can give a satisfactory ex- 
* See Maxwell, ' Theory of Heat/ p. 294. 
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planation of the experiments previously described. When the radiated 
heat from the lamp falls on the pith, its temperature will rise, and any 
moisture on it will begin to evaporate and to drive the pith from the 
lamp. The evaporation will be greatest on that baU which is nearest to 
the lamp ; therefore this ball will be driven away until the force on the 
other becomes equal, after which the balls will come to rest, unless 
momentum carries them further. On the other hand, when a piece of 
ice is brought near, the temperature of the pith will be reduced, and it 
will condense the vapour and be drawn towards the ice. 

It seems to me that the same explanation may be given of Mr. Crookes's 
experiments ; for, although my experiments were made on water and at 
comparatively high pressures, they were in reality undertaken to verify 
the explanation as I have given it. I used water in the hope of finding 
(as I have found) that, in a condensable vapour, the results could be 
o t lined with a greater density of vapour (that is to say, with a much less 
pori.'cfc vacuum),the effect being a consequence of the saturated condition 
of the vapour rather than of the perfection of the vacuum. 

Mr. Ci-ookes only obtained his results when his vacuum was nearly as 
perfect as the Sprengel pump would make it. Up to this point he had 
nothing but the inverse effects, viz. attraction with heat and repulsion 
with cold. About the cause of these he seems to be doubtful ; but I 
venture to think that they may be entirely explained by the expansion of 
the surrounding gas or vapour, and the consequent convection- currents. 
It must be remembered that whenever the air about a ball is expanded, 
and. thus rendered lighter by heat, it will exercise less supporting or 
floating power on the ball, which will therefore tend to sink. This ten* 
dency will be in opposition to the lifting of the ascending current, and it 
will depend on the shape and thickness of the ball whether it will rise 
or fall when in an ascending current of heated gas. 

The reason why Mr. Crookes did not obtain the same results with a 
less perfect vacuum was because he had then too large a proportion of 
air, or non-condensing gas, mixed with the vapour, which also was not in 
a state of saturation. In his experiments the condensable vapour was 
that of mercury, or something which required a still higher temperature, 
and it was necessary that the vacuum should be very perfect for such 
vapour to be any thing like pure and in a saturated condition. As soon, 
however, as this state of perfection was reached, then the effects were 
more apparent than in the corresponding case of water. This agrees 
well with the explanation ; for, as previously shown, the effect of mercury 
would, for the same quantity of heat, be three times as great as that of 
water; and, besides this, the perfect state of the vacuum would aUow 
the pith (or whatever the ball might be) to move much more freely, than 
when in the vapour of water at a considerable tension. 

Of course this reasoning is not confined to mercury and water ; any 
gas which is condensed or absorbed by the balls when cold in greater 
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quantities than when warm would give the same results ; and, as this 
property appeals to belong to all gases, it is only a question of bringing 
the vacuum to the right degree of tension. 

There was one fact connected with Mr. Crookes's experiments which, 
independently of the previous considerations, led me to the conclusion 
that the result was due to the heating of the pith, and was not a direct 
result of the radiated heat. 

In one of the experiments exhibited at the Soiree of the Royal Society, 
a candle was placed close to a flask containing a bar of pith suspended 
from the middle : at first, the only thing to notice was that the pith was 
oscillating considerably under the action of the candle ; each end of the 
bar alternately approached anil receded, showing that the candle exercised 
an influence similar to that which might have been exercised by the torsion 
of the thread had this been stiff. After a few minutes' observation, 
however, it became evident that the oscillations, instead of gradually 
diminishing, as one naturally expected them to do, continued ; and, more 
than this, they actually increased, until one end of the bar passed the light, 
after which it seemed quieter for a little, though the oscillations again 
increased until it again passed the light. As a great many people and 
lights were moving about, it seemed possible that this might be due to 
external disturbance, and so its full importance did not strike me. 
Afterwards, however, I saw that it was only to be explained on the 
ground of the force being connected with the temperature of the pith. 
During part of its swing one end of the pith must be increasing in tem- 
perature, and during the other part it must be cooling. And it is easily 
seen that the ends will not be hottest when nearest the light, or coldest when 
furthest away ; they will acquire heat for some time after they havei)egun 
to recede, and lose it aft-er they have begun to approach. There will, in 
fact, be a certain lagging in the effect of the heat on the pith, like that 
which is apparent in the action of the sun on a comet, which causes the 
comet to be grandest after it has passed its perihelion. From this cause 
it is easy to see that the mean temperature of the ends will be greater 
during the time they are retiring than while approaching, and hence the 
driving force on that end which is leaving will, on the whole, more than 
balance the retarding force on that which is approaching ; and the result 
will be an acceleration, so that the bar will swing further each time until 
it passes the candle, after which the hot side of the bar will be opposite 
to the light, and will for a time tend to counteract its effect, so that the 
bar will for a time be quieter. This fact is independent evidence as to 
the nature of the force ; and although it does not show it to be evaporar- 
tion, it shows that it is a force depending on the temperature of the pith, 
and that it is not a direct result of radiation from the candle. 

Since writing the above paper, it has occurred to me that, according to 
the kinetic theory, a somewhat similar effect to that of evaporation must 
result whenever heat is communicated from a hot surface to gas. 
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The particles which impinge on the surface will rebound with a greater 
Telocity than that with which they approached ; and consequently the 
effect of the blow must be greater than it would have been had the surface 
been of the same temperature as the gas. 

And, in the same way, whenever heat is communicated from a gas to a 
surface, the force on the surface will be less than it otherwise would be, 
for the particles will rebound with a less velocity than that at which they 
approach. 

Mathematically the result may be expressed as follows — ^the symbols 
haying the same meaning as before, e representing the energy communi- 
cated in the form of heat, and iv the alteration which the velocity of the 
molecule undergoes on impact. As before, 



and 



^=_or.=V-rf ' 



r=l=eV^- 



Therefore, in the case of steam at a temperature of 60°, 

f^ ^ . 
•^ 2000' 
and in the case of air 

•' 1400 

It must be remembered that e depends on the rate at which cold 
particles will come up to the hot surface, which is very slow when 
it depends only on the difEusion of the particles of the gas inf^ se and 
the diffusion of the heat amongst them. 

It will be much increased by convection-currents ; but these will (as 
has been already explained), to a certain extent, produce an opposite 
effect. It would also seem that this action cannot have had much to do 
with Mr. Crookes's experiments, as one can hardly conceive that much 
heat could be communicated to the gas or vapour in such a perfect 
vacuum as that he obtained, unless, indeed, the rate of diffusion varies 
inversely as the density of a gas*. It will be interesting, however, to 
see what light experiments will throw on the question. 

* June 10. — Profesflor Maxwell has shown that the diffusion both of heat and of 
the gas varies inversely as the density ; therefore, excepting for convection-currents, 
the amount of heat communicated from a surface to a gas would he independent 
of the density of the gas, and hence the force /would he independent of the density ; 
that is to say, this force would remain constant as the yacuum ifnproved, while the 
convection-currents and counteracting forces would gradually diminish. It seems 
probable, therefore, that Mr. Crookes's results are, at least in part, due to this force. 

VOL. xxn. 2 I 
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IX. '^ Researches on Explosives. — Fired Gunpowder/' By Capt. 
Noble, late Royal Artillery, F.R.S., F.R.A.S., F.C.S., and 
F. A. Abel, F.R.S., Treas. C.S.* 

(Abstract.) 

After an historical review of the investigations and theoretical views 
relating to the results produced upon the explosion of gunpowder, which 
have been published during the last 150 years, the authors proceed to 
describe the chief objects contemplated by their researches, which are in 
continuation of some commenced by Captain Noble in 1868, and de- 
scribed in a lecture delivered at the Royal Institution in 1871. 

These objects were as follow : — 

First, To ascertain the products of combustion of gunpowder, fired 
under circumstances similar to those which exist when it is exploded in 
guns or mines. 

Second. To ascertain the tension of the products of combustion at the 
moment of explosion, and to determine the law according to which the 
tension varies with the gravimetric density of the powder. 

Third, To ascertain whether any, and, if so, what well-defined variation 
in the nature or proportions of the products accompanies a change in the 
density or size of grains of the powder. 

Fourth, To determine whether any, and, if so, what influence is exerted 
on the nature of the metamorphosis by the pressure under which the gun- 
powder is fired. 

Fifth, To determine the volume of permanent gas liberated by the 
explosion. 

Sixth, To compare the explosion of gunpowder fired in a close 
vessel with that of similar gunpowder when fired in the bore of a gun. 

Seventh, To determine the heat generated by the combustion of gun- 
powder, and thence to deduce the temperature at the instant of ex- 
plosion. 

Eighth, To determine the work which gunpowder is capable of per- 
forming on a shot in the bore of a gun, and thence to ascertain the total 
theoretical work, if the bore be supposed of indefinite length. 

The several methods of experiment adopted by the authors, and the 
most important apparatus employed in their researches, are next described 
in detaU. The experimental operations include: — 1. Measurement of 
pressure developed; 2. Measurement of volume of permanent gases; 
3. Measurement of heat developed ; 4. Collection of gases ; 6. Collection 
of solids ; 6. Analysis of the gaseous and solid products. 

* We hsye to expreee our acknowledgmenta of the valuable assiBtance we have 
receiTed from Mr. Charles Hutchinson in making the Terj laborious calculations, from 
Mr. Qeorge StuarMn the mechanical arrangements and in carrying out the experiments 
themseWes, and from Dr. Kellner and Messrs. Bearing, Dodd, and Hobler in the ana- 
Ijrtioal portion of these researches. 
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The gunpowder operated u^on in the experiments includes five kinds, 
viz. pebble powder, rifle large-grain (cannon) powder, fine-grain powder, 
and rifle fine-grain powder (all of Waltham-Abbey manufacture), and also 
a spherical pellet powder of Spanish manufactiire, specially selected for 
experiment as presenting considerable difference in composition from 
the English powders. The composition of the powders is shown in the 
following Table : — 

Table I. 

Results of Analysis of Ghinpowders employed. 



Components, 
per cent. 



Description of Gunpowders employed in Experiments. 



Pebble ■ 
powder. 

Waltham 
Abbey. 



RiOe 
Large-grain. 

Waltham' 
Abbey. 



Rifle 
Fine-grain. 

Waltham 
Abb«?y. 



f^e-grain. 

Waltham 
Abbey. 



Spanish 

Spherical 

Pebble 

powder. 



Saltpetre 

Potassium sulphate 
Potassium chloride 

Sulphur 

f Carbon 



74-67 
0-09 



74-95 
015 



75-04 
0-14 



73-55 
0-36 



Charcoal 



1 Water.. 



Hydrogen. 
Oxygen .. 
Ash 



10-07 
12121 

0-23J 

0-95 



10-27 



1 13-52 



111 



10-67 
0-.')2 
266 
0-24 



9-93 



-14-09 



0-80 



11-361 
0-49 
2-57 
017 



lote 



14-59 



1-48 



75-30 
0-27 
002 

12-42 
8-651 

^•^11-34 
1-68 f^^^ 

0-63J 

0-65 



The quantities of gunpowder exploded in the several operations ranged 
from 750 grammes to 100 grammes. The following is a description of 
the apparatus in which the charges were exploded : — 

The apparatus consisted of a mild steel vessel, of great strength, care- 
fully tempered in oil, in the chamber of which the charge to be exploded 
was placed. The main orifice of the chamber was closed by a screwed 
plug, called the firing-plug, fitted and ground into its place with great 
exactness. 

In the firing-plug itself was a conical hole, stopped by a plug, also 
ground into its place with great accuracy, and, for purposes of insulation, 
covered with the finest tissue-paper. Two wires (one in the insulated 
cone, the other in the plug) were inserted, and joined by a very fine 
platinum wire passing through a smaU glass tube filled with mealed 
powder. By completing connexion with a Darnell's battery, the charge 
could be fired. 

There were two other apertures in the chamber— one communicatai^ 
with the arrangement for letting the gases escape, the other containing 
the crusher-apparatus for determining the tension at the moment of 
explosion. 

The pressures actually observed i^th the apparatus just described 

2i2 
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varied from over 36 tons on the square inch to about 1 ton on the square 
inch. 

The dangerous nature of the operations of explosion, carried out on so 
considerable a scale as in these investigations, rendered great precautions 
necessary. Unless the explosion-cylinder was most peiHEectly dosed, the 
violent escape of gas resulted in its immediately cutting a way out for itself, 
destroying the arrangement for closing the apparatus. 

Special observa^ns were made to ascertain how long a period elapsed 
after explosion before the non-gaseous products assumed the solid form. 
They appeared to do this a little within two minutes after explosion, when 
a charge nearly filling the vessel was used. 

The method employed for collecting the gaseous products as soon as 
possible after the explosion presented no special feature of novelty. On 
opening the explosion-vessel after the gases had been allowed to escape, 
the solid products were found collected at the bottom, there being gene- 
rally an exceedingly thin (in fact, with large charges, quite an inappreciable) 
deposit on the sides. The surface of the deposit was generally perfectly 
smooth and of a very dark grey, almost black, colour. This colour, how- 
ever, was only superficial, and through the black could be perceived what 
was probably the real colour of the surface, a dark olive-green. The sur- 
hce of the deposit, and the sides of the cylinders, had a somewhat greasy 
appearance, and were indeed greasy to the touch. On the smooth surbce 
were frequently observed very minute particles, in appearance like soot, 
but of the greasy texture to which allusion has been made. 

The removal of the deposit was generally attended with great difficult, 
as it formed an exceedingly hard and compact mass, which always had to 
be cut out with steel chisels. Lumps would frequently break off, but a 
considerable portion fiew off before the chisel in fine dust. In various 
experiments, on examining the fracture as exhibited by the lumps, the 
variation in physical appearance was very striking, there being marked 
differences in colour, and also, frequently, a marked absence of homo- 
geneity, patches of different colours being interspersed with the more 
uniform shade of the fracture. There was no appearance of general crys- 
talline structure in the deposit ; but, on examination with a microscope, 
and sometimes with the naked eye, shining crystals of metallic lustre 
(sulphide of iron) were observed. On the whole, the general appearance 
of the deposit was attended with such considerable variations, that, for 
minute details, reference must be made to the account of the experiments 
themselves. The deposit always smelt powerfully of sulphuretted hy- 
drogen, and, frequently, strongly of ammonia. It was always exceedingly 
deliquescent, and after a short exposure to the air became black on the 
surface, gradually passing over into an inky-looking pasty mass. As in 
physical appearance, so in behaviour, when removed from the cylinder, 
there were considerable differences between the experiments. The de- 
posit was transferred to thoroughly dried and warm bottles, and sealed 
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up as rapidly as possible. In most cases, during the very short time that 
elapsed while the transference was being made, no apparent change took 
place ; but, in some, a great tendency to development of heat was appa- 
rent ; and in one instance, in which a portion of the deposit (exhibiting 
this tendency in a high degree) was kept exposed to the action of the air, 
the rise of temperature was so great that the paper on which it was 
placed became charred, and the deposit itself changed colour with great 
rapidity, becoming a bright orange-yellow on the surface. 

This tendency to heat always disappeared when the deposit was con- 
fined in a bottle and fresh access of air excluded. 

The methods employed in the analysis of the gaseous and solid products 
of explosion differed only in a few respects from those adopted by 
Bunsen and Schischkoff in their investigation of the products of explosion 
of powder. 

As regards the proportions of total solid and gaseous products fur- 
nished by the several powders, remarkable uniformity was exhibited by 
the results of explosion of the same powder at different pressures, and no 
very considerable difference existed between the proportions furnished by 
the three powders chiefly used in the researches. The largest grain, or 
pebble powder, yielded most gas ; the quantity furnished by E. L. G. 
powder was not greatly inferior, but was decidedly more considerable 
than that yielded by the smallest powder (F. G-.). 

The composition of the gcu furnished by the explosion of all the Eng- 
lish powders was throughout remarkably uniform, but presented certain 
apparently well-defined small variations, regulated by the pressure under 
which the products were developed, the chief being a steady increase in 
the proportion of carbonic anhydride, and decrease in that of carbonic 
oxide, in proportion as the pressure was increased. The composition of 
the solid products exhibited much greater variations, chiefly in regard to 
the state of combination in which the sulphur existed. These variations 
were exhibited not merely by the products obtained from the different 
powders, but also, and to as great an extent, by those which one and the 
same powder furnished at different pressures, and apparently without 
reference to the pressure, excepting in the case of the very lowest 
(the powder occupyiog 10 per cent, of the total space in the chamber). 

The authors institute a comparison between the composition of the 
products of explosion obtained in their experiments and the analytical 
results published by Bunsen and Schischkoff and other recent experi- 
menters, and proceed to a critical examination of the methods pursued by . 
these for obtaining the products of the composition of gunpowder, giving 
reasons why the results which those methods of operation have furnished 
cannot be accepted as representing the changes which powder undergoes 
when exploded in a closed space. 

The authors further proceed : — It is evident that the reactions which 
occur among the powder-constituents, in addition to those which result 
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in the deyelopment of gas, of fairly uniform composition (and yery uni- 
form as regards the proportions which it bears to the solid), from powders 
not differing widely in constitution from each other, are susceptible of 
very considerable variations, regarding the causes of which it appears only 
possible to form conjectures. Any attempt to express, even in a com- 
paratively complicated chemical equation, the nature of the metamor- 
phosis which a gunpowder of average composition may be considered to 
undergo when exploded in a confined space would therefore only be 
calculated to convey an erroneous impression as to the simpUdty, or the 
definite nature, of the chemical results and their uniformity under dif- 
ferent conditions, while it would, in reality, possess no important bearing 
upon the elucidation of the theory of explosion of gunpowder. 

The extensive experiments which the Committee on Explosive Sub- 
stances has instituted, with English and foreign gunpowders of very various 
composition, have conclusively demonstrated that the influence exerted 
upon the action of fired gunpowder by comparatively very considerable 
variations in the constitution of the powder (except in the case of small 
charges applied in firearms) is often very small as compared with (or 
even more than counterbalanced by) the modifying effects of variations in 
the mechanical BJid physical* properties of the powder (t. e.in its density, 
hardness, the size and form of the grains or individual masses, &c.). 
Hence it is not surprising to find that a fine-grain gunpowder, which 
differs much more in mechanical than in chemical points from the larger 
powder (R» L. G.) used in these experiments, should present decided dif- 
ferences, not only in regard to the pressures which it develops under 
similar conditions, but also as regards the proportions and uniformity of 
the products which its explosion furnishes. On the other hand, the dif- 
ferences in regard to size of individual masses, and oiher mechanical pe- 
culiarities, between the R. L. G. and pebble powders are, comparatively, 
not so considerable, and are in directions much less likely to affect the 
results obtained by explosions in perfectly closed spaces. 

Again, the analysis of soHd residues furnished by various kinds of gun- 
powder, which presented marked dissimilarity in composition, did not esta- 
blish points of difference which could be traced to any influence exerted 
by such variations ; indeed the proportions of the several products com- 
posing residues which were furnished by one and the same powder, in 

* The desirabilify of applying these means to effecting modifications in the action of 
fired gunpowder was pointed out by Colonel (now Gkneral) Boxer in a memorandum 
' submitted to theWar Office in 1859; and the first Government Committee on Gunpowder, 
Boon afterwards appointed (of which General Boxer and Mr. Abel were members), ob- 
tained suooeraful residts, which were reported officially in 1864, by limiting the altera- 
tions in the manufacture of gunpowder intended for use in heavy guns to modifications 
in the form, size, density, and hardness of the individual grains or masses, the composition 
of the powder remaining unaltered. The Committee on Explosive Substances have 
adhered to this system in producing gunpowder suitable for the largest Ordnance of ih% 
present day. 
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distmct experiments made at varied pressures, differed, in several in- 
stances, quite as greatly as those found in some of the residues of powders 
which presented decided differences in composition. 

Although, for the reasons already given, the authors cannot attempt 
to offer any thing approaching a precise expression of the chemical 
changes which gunpowder of average composition undergoes when ex- 
ploded in a confined space, they feel warranted, by the results of their 
experiments, in stating, with confidence, that the chemical theory of the 
decomposition of gunpowder, as based upon the results of Bunsen and 
Schischkoff and accepted in recent text-books, is certainly as far from 
correctly representing the general metamorphosis of gunpowder as was 
the old and long-accepted theory, according to which the primary products 
were simply potassium sulphide, carbonic anhydride, and nitrogen. 
Moreover, the following broad facts regarding the products furnished by 
the explosion of gunpowder appear to them to have been established by 
the analytical results arrived at. 

1. The proportion of carbonic oxide produced in the explosion of a gun- 
powder in which the saltpetre and charcoal exist in proportions calculated, 
according to the old theory, to produce carbonic anhydride only is much 
more considerable than hitherto accepted. 

2. The amount of potassium carboncUe formed, under all conditions 
(as regards nature of the gunpowder and pressure under which it is ex- 
ploded), is very much larger than has hitherto been considered to be pro- 
ducked, according to. the results of Bunsen and Schischkoff and more recent 
experimenters. 

3. The potassium sulphate is very much smaller in amount than found 
by Bunsen and Schischkoff, Linck, and Karolyi, even in the highest results 
obtained in the authors' experiments. 

4. Potassium sulphide is never present in very considerable amount, 
though, generally, in much larger proportion than found by Bunsen and 
Schischkoff ; and there appears to be strong reason for believiog that, in 
most instances, it exists in large amount as a primary result of the explo- 
sion of gunpowder. 

5. Potassium hyposulphite is an important product of the decomposi- 
tion of gunpowder in closed spaces, though very variable in amount. It 
appears probable (the reasons being fully discussed in the paper) that its 
production is in some measure subservient to that of the sulphide ; and it 
may perhaps be regarded as representing, at any rate to a considerable 
extent, that substance in powder-residue — i. e, as having resulted, partially 
and to a variable extent, from the oxidation, by liberated oxygen, of sul- 
phide which has been formed in the first instance. 

6. The proportion of sulphur which does not enter into the primary 
reaction on the explosion of powder is very variable, being in some 
instances high, wbUe, in apparently exceptional results, the whole amount 
of sulphur contained in the powder becomes involved in the metamor- 
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phosifl. In the ease of pebble powder, the mechanical condition (size and 
regularity of gnun) of which is perhaps more favourable to uniformity of 
decomposition, under yaried conditions as regards pressure, than that of 
the smaller powders, the amount of sulphur which remains as potassium 
polysulphide is very uniform, except in the products obtained at the lowest 
pressure ; and it is noteworthy that with R. L. Q-. powder, under the 
same conditions, comparatively little sulphur escapes ; while in the case of 
F. G. powder, under corresponding circumstances, there is no free sulphur 
at all. 

7. But little can be said with regard to those products, gaseous and 
solid, which, though almost always occurring in small quantities in the 
products, and though apparently, in some instances, obeying certain rules 
with respect to the proportion in which they are formed, cannot be 
regarded as important results of the explosion of powder. It may, how- 
ever, be remarked that the regular formation of such substances as 
potassium sulphocyanate and ammonium carbonate, the regular escape 
of hydrogen and sulphydric acid from oxidation, while oxygen is occa- 
sionally coexistent, and the frequent occurrence of appreciable proportions 
of potassium nitrate, indicate a complexity as well as an incompleteness 
in the metamorphosis. Such complexity and incompleteness are, on the 
one hand, a natural result of the great abruptness as well as of the com- 
parative difficulty with which the reactions between the ingredients of 
the mechanical mixture take place ; on the other hand, they favour the 
view that, even during the exceedingly brief period within which 
chemical activity continues, other changes may occur (in addition to the 
most simple, which follow immediately upon the ignition of the powder) 
when explosions take place at pressures such as are developed under 
practical conditions. 

The tendency to incompleteness of metamorphosis, and also to the 
development of secondary reactions, under favourable conditions, appears 
to be fairly demonstrated by the results obtained in exploding the different 
powders in spaces ten times that which the charges occupied (Experi- 
ments 8, 1, and 16). It appears, however, that, even under conditions 
apparently the most favourable to uniformity of metamorphosis (namely, 
in explosions produced under high pressures), accidental circumstances 
may operate detrimentally to the simplicity and completeness of the 
reactions. But the fact, indisputably demonstrated in the course of 
these researches, that such accidental variations in the nature of the 
changes resulting from the explosion do not, even when very consider- 
able, affect the force exerted by fired gunpowder, as demonstrated by the 
recorded pressures, &c., indicates that a minute examination into the 
nature of the products of explosion of powder does not necessarily con- 
tribute, directly, to a comprehension of the causes which may operate in 
modifying the action of fired gunpowder. 

In illustration of the analytical results obtained in these investigations 
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the following statement is given of the percentage composition of the 
products of explosion, under one or two different pressures, of the three 
principal powders used. 

Table n. 
Showing illustrative Examples of the Analytical EesuUs obtained. 

Pebble. B. L. G. F. G. 

"■^^r^s^h"!!'". "..'":"} "^^^"^ 'm^ '17^ 

^S'^*..'*!^'!'.l"°"!!.^!!"} ^'12 6517 57-22 67-14 5817 58-09 

^p^^u^"'^^'!^?..^*^!"} *3-88 44-83 4278 42-86 41-83 41-92 

Percentage weighta of solid products of explosion : — 

Potassium carbonate 5550 6615 52 56 ^-71 59-39 43-03 

sulphate 15-02 11-93 2047 852 24-22 21-00 

hyposulphite 2073 6-12 2037 859 530 32-07 

monosulphide 7*41 1912 4-02 723 512 

sulphooyanate 0-09 0*23 trace 036 0-02 0-23 

nitrate 048 020 056 0-19 008 019 

QTjrl A ... , 2*9S 

Ammonium seequicarbonate...... 6-16 O-OS (K)6 0^18 ai5 Om 

Sulphur 0-61 6-17 125 9-22 572 0-47 

Carbon trace trace 0-71 trace trace 

Percentage Tolumes of gaseous products : — 

Okrbonic anhydride 46-66 4982 4899 51-79 4741 6302 

Carbonic oxide 14-76 1336 8-98 832 12-35 7*91 

Nitrogen 3275 3219 35-60 34-64 32-35 34-20 

Sulphjdrio acid 313 1-96 4-06 2-61 376 203 

Marsh-gas 0-58 0-29 041 0*50 

Hydrogen 270 208 2-07 2-04 413 213 

Oxygen 0-18 0*15 

Table III. 

Showing the composition by weight of the products of explosion of a gramme 

of powder as furnished by the above examples. 

Pebble. B. L. G. F. Q. 



srrm. grm. 

Potassium carbonate '3115 *3098 

hyposulphite -1163 -0338 

sulphate -0843 -0658 

sulphide -0416 1055 

sulphocyanate -0005 -0013 

nitrate 0027 '0011 

oxide 

Ammonium sesquicarbonate -0009 -0004 

carbon 

sulphur -0034 -0340 

Total solid -5612 -5517 

Sulphydric acid -0134 -0084 

Oxygen 

Carbonic oxide -0519 -0473 

Carbonic anhydride 2577 '2770 

Marsh-gas -0012 

Hydrogen -0007 -0005 

Nitrogen 1151 -1139 

Total gaseous -4388 -4483 -4278 4286 -4183 -4192 
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grm. 
•3007 


grm. 
•3755 


grm. 
-3454 


grm. 
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•0491 
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•0487 
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•0000 


•0021 


•0001 


•0013 


•0032 


•0011 
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•0011 
•0173 


•6063 


-0609 
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-0002 
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...... 






•0041 


-0527 


•0333 


•0027 


•5722 


•5714 


•5817 


-5808 


•0166 


0077 


•0154 


•0081 


...... 
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•0006 


•a303 


•0356 
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•2597 


•2750 
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•2718 


•0006 


•0015 




•0009 


•0005 


•0003 


•0010 


•0005 


•1201 


•1085 


•1091 


•1117 
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As it was one of the principal objects of the authors to determine, 
with as much accuracy as possible, not only the tension of fired gunpowder 
when filling completely the space in which it was exploded, but also to 
determine the law according to which the tension varied with the density, the 
experiments instituted to ascertain these important points were both 
varied and complete. The general results obtained are given in the 
annexed Table. 

Table IV. 

Showing the pressure corresponding to a given density of the products of 
explosion of F, G,, M. L, O., and pebble powders, as deduced from actucd 
observation, in a close vessel. 



Mean density 
of products 
•of explosion. 


Corresponding 

pressures for 

pebbU; and 

K. L. G. 

powders. 


Corresponding 
pressures for 
¥. O. powder. 


Mean densitj 
of products 
of explosion. 


pressures for 

pebble and 

R.L.G. 

powders. 


pressures for 
F. G. powder. 


i -10 


Tons per 
square inch. 

1-47 


Tons per 
square inch. 

1-47 


•60 


Tons per 
square moh. 

14-39 


Tons per 
square meh. 

14-02 


! -20 


3-26 


3-26 


•70 


19-09 


18-31 


•30 


5-33 


5-33 


•80 


25-03 


23-71 


*40 


7-75 


7-74 


•90 


32-46 


30-39 


•50 

1 


10-69 


10-59 


1^00 


41-70 


38-52 



The determination of the heat developed by the explosion was also 
made the subject of careful direct experiment, and, from the mean of 
several closely concordant results, it was found that the combustion of a 
gramme of the powders experimented with generated about 705 gramme- 
units of heat. Bunsen and Schischkoff's assumption, that the specific 
heats of the soUd products remain invariable over the great range of 
temperature through which they pass, is considered by the authors 
untenable ; they have, however, deduced the temperature (about 3800° C.) 
upon this hypothesis, both to facilitate comparison of their results with 
those of Bunsen and Schischkoff, and to give a high limit, to which the 
temperature of explosion can certainly not attain. 

The volume of solid products obtained from a gramme of powder is 
fixed by the authors at about -3 cub. cent, at ordinary temperatures. 

A comparison is next instituted of the pressures actually observed to 
exist in a close vessel with that calculated upon the assumption that, at 
the moment of explosion, about 57 per cent, by weight of the products of 
explosion are non-gaseous, and 43 per cent, in the form of permanent 
gases. The relation between the pressure and the density of the pro- 
ducts of combustion may be expressed by the following equation, 

^=con8t. x^-i-^ (3) 

(a being a constant determined from the experiments) ; and a comparison 
of the results is given in the follo:virg Table :— 
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Table V. 

Showing tht comparison, in tons per square inch, between the pressures actually 

observed in a close vessel and those calculated from the formula (3). 



Densitj of 
products of 


Value of p 
deduced from 
direct obser- 
vation. 


Value of p 
equation (3), 


Density of 
products of 
combustion. 


Value of p 
deduced from 
direct obser- 
vation. 


Value of p 

deduced from 

equation (3), 

a=-65. 


•10 
•20 
•30 
•40 
•50 


Tons per 
square inch. 

1-47 
3-26 
5-33 
7-75 

10-69 


Tons per 
square inch. 

1-56 
3-36 ! 
5-45 
7-91 
10-84 


•60 
•70 
•80 
•90 
1^00 


Tons per 
square inch. 

14-39 
19-09 
25-03 
32-46 
41-70 


Tons per 
square inch. 

14-39 
18-79 
24-38 
31-73 
41-70 



The authors consider that the accordance of this comparison with 
observed results fully establishes the accuracy of their views. 

The data furnished by the foregoing enable the authors to determine 
theoretically the temperature of explosion of gunpowder, which they find 
to be about 2200° C. The correctness of this theoretical estimate they 
confirm by experimental observations on the behaviour of platinum when 
exposed to the temperature of explosion. In all instances thin platinum 
wire or foil showed signs of fusion, but actual fusion took place only in 
one instance. 

The msan specific heat of the nongaseous products and ^iheit probable expan^ 
sion between (f C. and the temperature of explosion are next- discussed. 

The means of obtaining the tensions of the products of explosion in 
the bores of ordnance, and the results obtained in this direction by the 
Committee on Explosives, are then examined, as far as regards the 
particular powders with which the authors have experimented. 

The correctness of the view propounded by Bobins, that the work 
obtainable from gunpowder is not importantly increased by increments 
to the weight of the shot, is confirmed by the authors, and the influence 
upon the tension of fired gunpowder exerted by the existence of water in 
powder is illustrated. 

The extent of communication of heat to the envelope (or gun) in which 
the powder is exploded is next considered, and experiments and calcu- 
lations are given to show that such communication of heat varies from 
about 35 per cent, of the total heat generated in the case of a small 
arm to about 3 per cent, in the case of an 18-ton gun. 

A comparison is instituted between the pressures actually found to 
exist in the bores of guns and thos3 which would follow from the facts 
established by these researches. It is pointed out, on the one hand, 
that the assumption, that all the products of combustion are in the 
gaseous state, is irreconcilable vnth the pressures actually observed ; and, 
on the other hand, Bunsen and Schischkoff s hypothesis that the work on 
the projectile is accomplished only by the permanent gases, \\ithout 
addition or subtraction of heat, is shown to be equally irreconcilable with 
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experimental observations. When, however, the heat stored up in the 
solid residue is taken into account, it is found that calculation and 
experimental observation accord with great exactness ; and the authors 
express the relation between the tension of the products in the bore of a 
gun and the volume they occupy by the equation 



^=4'^}°-"^ «• 

The temperature of the products of explosion during their expansion 
in the bore of a gun is then given, and the maa:imum work that can be 
realized from powder for any given expansion, as also the total theoretic 
work of powder, are given. 

The principal results of the authors' investigatidhs are summarized as 
follows, and for convenience are computed upon one gramme of powder, 
occupying 1 cub. cent. : — 

(a) First f with regard to powder fired in a close vessel, 

1. On explosion, the products of combustion consist of about 57 hun- 
dredths, by weight, of matter, which ultimately assumes the solid form, and 
43 hundredths, by weight, of permanent gases. 

2. At the moment of explosion, the fluid products of combustion, doubt- 
less in a very finely divided state, occupy a volume of about '6 cub. cent. 

3. At the same instant, the permanent gases occupy a volume of 
*4 cub. cent'., so that both the fluid and gp.seous matter are of approxi- 
mately the same specific gravity, 

4. The permanent gases generated by the explosion of a gramme of 
powder are such that, at 0® C. and 760 mm. barometric pressure, they 
occupy about 280 cub. cents., and therefore about 280 times the volume 
of the original powder. 

6. The constituents of the solid products are as shown in Tables 11. & III. 

6. The composition of the permanent gases is shown in the same Tables. 

7. The tension of the products of combustion, when the powder fills 
entirely the space in which it is fired, is about 6400 atmospheres, or 
about 42 tons per square inch. 

8. The tension varies with the mean density of the products of com- 
bustion, according to the law given in equation (3). 

9. About 705 gramme-units of heat are developed by the decompo- 
sition of one gramme of powder, such as used in the experiments. 

10. The temperature of explosion is about 2200° C. 

(b) When powder is fired in the bore of a gun. 

1. The products of explosion, at all events as far as regards the pro- 

* In this equation p denotes the tension and v the volame of the products of explo- 
sion, a the proportion occupied by the solid products, C„ and Cp the specific heats of the 
permanent gases at constant volume and pressure, X the mean specific heat of the non- 
gaseous products, /3 the ratio between the weights of the gaseous and non-gaseous 
portions of the charge. 
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portions of total solid and gaseous matters, are the same as in the case 
of powder fired in a close vessel. 

2. The work on the projectile is effected by the elastic force due to 
the permanent gases. 

3. The reduction of temperature and pressure due to the expansion of 
the permanent gases is, in a great measure, compensated by the heat 
stored up in the liquid residue. 

4. The law connecting the tension of the products of explosion with 
the volume they occupy is stated in equation (30). 

5. The work that gunpowder is capable of performing in expanding in 
a vessel impervious to heat is given by the equation 

W= Pot^o(l-a)(C,+i3\) fi / t;,(l-a) \^a, 
and the temperature during expansion by the equation 

6. The total theoretic work of gunpowder, when indefinitely expanded, 
is about 332,000 gramme-metres per gramme of powder, or 486 foot- 
tons per lb. of powder. 

"With regard to one or two other points to which the authors specially 
directed their attention, they consider that their results warrant them in 
stating that : — 

1. Very small-grain powders, such as F. G. and E. ¥. G., furnish very 
decidedly smaller proportions of gaseous products than a large-grain 
powder (B. L. G.) ; while the latter, again, furnishes somewhat smaller 
proportions than a still larger powder (pebble), though the difference 
between the total gaseous products of these two powders is compara- 
tively inconsiderable. 

2. The variations in the composition of the products of explosion 
furnished, in close chambers, by one and the same powder under different 
conditions as regards pressure, and by two powders of similar composition 
under the same conditions as regards pressure, are so considerable that no 
value whatever can be attached to any attempt to give a general chemical 
expression to the metamorphosis of a gunpowder of normal composition. 

3. The proportions in which the several constituents of solid powder- 
residue are formed are quite as much affected by slight accidental varia- 
tions in the conditions which attend the explosion of one and the same 
powder in different experiments, as by decided differences in the compo- 
sition, as well as in the size of grain, of different powders. 

4. In all but very exceptional results, the solid residue furnished by 
the explosion of gunpowder contains, as important constituents, potas- 
sium carbonate, sulphate, hyposulphite, and sulphide, the proportion of 
carbonate being very much higher, and that of sulphate very much lower, 
than is stated by recent investigators. 
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X. ^' On the Diuretic Action of Digitalis.^' By T. Lauder 
Brunton, M.D., D.Sc, and Henry Power, M.B., F.R.C.S. 
Communicated by Dr. Sanderson, F.R.S. Received June 1, 
1874. 

It has been shown, by Max Herrmann and Ludwig, that the rapidity of 
the urinary secretion depends on the difference in pressure between the 
blood in the renal glomeruli and the urine in the urinary tubules. 

At present, it is generally assumed that the diuretic action of Digitalis 
is not caused by any specific influence of the drug upon the kidney, but 
is due exclusively to its power of increasing the blood-pressure in the 
arterial system. 

The results of some experiments made by us nearly a year ago show 
that this is not the fact. On injecting a considerable dose of digitalin 
(1-2 centigrammes) into the veins of an etherized dog, we have observed 
that the secretion of urine was either greatly diminished or ceased alto- 
gether, while the blood-pressure rose, occasionally to a considerable 
extent. After some time the blood-pressure again fell ; and in some of 
the experiments the secretion of urine recommenced at the instant the 
fall began. In other instances it did not recommence till the blood- 
pressure had sunk below the normal. Occasionally the secretion did not 
flow with its original rapidity, but in others it was poured forth 
copiously, even although the blood-pressure had sunk considerably below 
the normal. 

If Digitalis acted as a diuretic only by raising the blood-pressure, the 
flow of urine should have been greatly increased immediately after the 
injection, and should have diminished with the fall of arterial tension. 
Instead of this the secretion was least when the blood-pressure was 
highest, and most copious when the tension had fallen below the normal. 

The explanation we would offer of these phenomena is, that Digitalis 
probably stimulates the vaso-motor nerves generally, but affects those of 
the kidney more powerfully than those of other parts of the body. Thus, 
it causes a moderate contraction of the systemic vessels, and raises the 
blood-pressure in them, but, at the same time, produces excessive contrac- 
tion of the renal vessels, so as to stop the circulation in the kidneys and 
arrest the secretion of urine. 

As the action of the drug on the systemic vessels passes off they relax, 
and the blood-pressure falls ; but the renal arteries probabjy dilate more 
quickly and to a greater extent than the others. The pressure of blood 
in the glomeruli may thus be increased above that normally present in 
them, although the tension in the arterial system generally may have 
fallen below the normal. 

Additional evidence in favour of this explanation is afforded by the fact 
that the urine collected after the reestablishment of secretion contains 
albumen, just as Herrmann found it to do after mechanical arrest of the 
circulation through the renal arteries. 

Digitized by VjOOQIC 



1874.] Dr. A. Giinther on Gigantic Land-Tortoises. 421 

We do not overlook the possibility that the alteration in secretion may 
be partly due to the direct action of the drug on the secreting elements 
of the kidneys, and we are still engaged in experiments on this subject. 



XI. '' Description of the Living and Extinct Races of Gigantic 
Land-Tortoises. — ^Parts I. and II. Introduction, and the Tor- 
toises of the Galapagos Islands.^^ By Dr. Albert Gunther, 
F.R.S. Received June 4, 1874. 

(Abstract.) 

The author having had the opportunity of examining a considerable 
collection of the remains of Tortoises found in the islands of Mauritius 
and Rodriguez associated with the bones of the Dodo and Solitaire, has 
arrived at the following conclusions : — 

1. These remains clearly indicate the former existence of several 
species of gigantic Land-Tortoises, the Rodriguez species differing more 
markedly from those of the Mauritius than these latter among them- 
selves. All these species appear to have become extinct in modem 
times. 

2. These extinct Tortoises of the Mascarenes are distinguished by a 
flat cranium, truncated beak, and a broad bridge between the foramina 
obturatoria. 

3. All the other examples of gigantic Tortoises preserved in our mu- 
seums, and said to have been brought from the Mascarenes, and likewise 
the single species which is known still to survive, in a wild state, in the 
small island of Aldabra, have a convex cranium, truncated beak, and a 
narrow bridge between the obturator foramina ; and therefore are 
specifically, if not generically, distinct from the extinct ones. 

4. On the other hand, there exists the greatest affinity between those 
contemporaries of the Dodo and Solitaire and the Tortoises still inhabit- 
ing the Galapagos archipelago. 

These unexpected results induced the author to subject to a detailed 
examination all the available material of the gigantic Tortoises from the 
Mascarenes and Galapagos which are still living, or were believed to be 
living, and are commonly called Testitdo indica and Testudo elephantopuSj 
and to collect all the historical evidence referring to them. Thus, in the 
first {introductory) part of the paper a selection from the accounts of tra- 
vellers is given, by which it is clearly shown that the presence of these 
Tortoises at two so distant stations as the Galapagos and Mascarenes 
cannot be accounted for by the agency of man, at least not in historical 
times, and therefore that these animals must be regarded as indi- 
genous. 

The second part consists of a description of the Gtdapagos Tortoises. 
The author shows that the opinion of some of the older travellers, viz. 
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that the different islands of the group are inhabited by different races, is 
perfectly correct ; and he distinguishes four species, the adults of which 
are characterized as follows : — 

A. Shell broad, with more or less corrugated plates. Skull with the 
palatal region concave ; outer pterygoid edge sharp in its entire length 
or for the greater part of its length ; a deep recess in front of the occi- 
pital condyle ; anterior wall of the entrance of the tympanic cavity con- 
stricted. One of the two species is from James Island. 

1. Shell depressed, with the upper anterior profile subhorizontal in the 
male, and with the strisB of the plates not deeply sculptured ; sternum 
truncated behind. Skull with the facial portion very short, and with an 
immensely developed and raised occipital crest. Testudo elephantopus 
(Harlan). 

2. SJiell much higher, with the upper anterior profile declivous in the 
male, and with the strisB deeply sculptured; sternum excised behind. 
SkuU with the facial portion much longer, and with low occipital crest. 
Testudo nigrita (Dum. & Bibr.). 

B. SheU oblong, smooth. SkuU with the palatal region shallow ; the 
outer pterygoid edge expanded in its whole length ; no deep recess in 
front of the occipital condyle ; anterior wall of the tympanic cavity not 
constricted. 

3. SJull with some traces of former concentric strisD, compressed ante- 
riorly into the form of a " Spanish saddle " in the male ; sternum trun- 
cated behind. SkuU with the tympanic cavity much produced backwards. 
Testudo ephippium (Gthr.), from Charles Island. Extinct. 

4. SheU perfectly smooth, with declivous anterior profile in the male, 
and with truncated posterior extremity of the sternum. SkuU resem- 
bling that of the young of the larger species, with the t3rmpanic case not 
produced backwards. The smallest species. Testudo mieraphyes (Gthr.), 
from Hood*s Island. 

Fart ni. will contain the account of the still existing Tortoises of the 
Mascarenes, and Part IV. that of the extinct species. 

Received June 9, 1874. 

PS. The author has just received from Professor Huxley the carapace 
and skeleton of another adult male, which evidently belongs to a fifth species 
of GhJapagos Tortoises. "With regard to the form of the carapace, it 
resembles much that of T. elephantopus, the dorsal shell being depressed, 
broad, with the upper profile nearly horizontal. Stri© distinct, broad. 
However, the skull differs widely from that of T. elephantcypus, and has 
all the characteristics of that of T. ephippium, from which it differs in 
having a circular tympanic opening. The form of the sternum is quite 
peculiar, the gular portion being much constricted and produced forwards, 
whilst the opposite end is expanded into the large anal scutes and deeply 
excised. This species may be named Testudo vieina. 
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XII. '' On Dredgings and Deep-sea Soundings in the South A.t- 
lantic, in a Letter to Admiral Richards, C.B., P.R.S." By 
Prof. Wyville Thomson, LL.D., P.R.S., Director of the 
Civilian Staff on board H.M.S. 'Challenger.' Received 
May 25, 1874. 

Melbourne, March 17, 1874. 

DfiiLB Abmibal Richards, — 1 have the pleasure of informing you 
that, during our voyage from, the Cape of Good Hope to Australia, all 
the necessary observations in matters bearing upon my department have 
been made most successfuUy at nineteen principal stations, suitably 
distributed over the track, and including Marion Island, the neighbour- 
hood of the Crozets, Kerguelen Island, and the Heard group. 

After leanng the Cape several dredgings were taken a little to the 
southward, at depths from 100 to 150 fathoms. Animal life was very 
abundant ; and the result was remarkable in this respect, that the general 
character of the fauna was very similar to that of the North Atlantic, 
many of the species even being identical with those on the coasts of Great 
Britain and Norway. The first day's dredging was in 1900 ^tthoms, 
125 miles to the 80uth-we8t\iTird of Cape Agulhas; it was not very 
successful. 

Marion Island was visited for a few hours, and a considerable collec- 
tion of plants, including nine flowering species, was made by Mr. Mose- 
ley. These, along with collections from Kerguelen Island and from 
Tong Island, of the Heard group, are sent home with Mr. Moseley's 
notes, for Dr. Hooker's information. 

A shallow-water dredging near Marion Island gave a large number of 
species, again representing many of the northern types, but with a mix- 
ture of southern forms, such as many of the characteristic southern 
Bryozoa and the curious genus Serolis among Crustaceans. Off Prince 
Edward's Island, the dredge brought up many large and striking speci- 
mens of one or two species of Alcyonarian zoophytes, allied to Mopsea 
and 7^. 

The trawl was put down in 1375 fathonls on the 29th December, and 
in 1600 fathoms on the 30th, between Prince Edward's Island and the 
Crozets. The number of species taken in these two hauls was very large ; 
many of them belonged to especially interesting genera, and many 
were new to science. I may mention that there occurred, with others, the 
well-known genera Euplectellaj Hydlonema, Umbellularia, and Flahellum ; 
two entirely new genera of stalked Crinoids belonging to the Apio- 
crinidsB ; Pourtalesia ; several Spatangoids new to science (allied to the 
extinct genus Anaiichytes) ; Salenia ; several remarkable Crustaceans ; and 
a few fish. 

We were unfortunately unable to land on Possession Island on account 
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of the weather ; but we dredged in 210 fathoms and 550 fathoms, about 
18 miles to the S.W. of the island, with a satisfactory result. "We 
reached Kerguelen Island on the 7th of January, and remained there 
until the 1st of February. During that time Dr. v. "Willemoes-Suhm 
was chiefly occupied in working out the land-fauna, Mr. Moseley col- 
lected the plants, Mr. Buchanan made observations on the geology of 
those parts of the island which we visited, and Mr. Murray and I carried 
on the shallow-water dredging in the steam-pinnace. Many observations 
were made, and large collections were stored in the different departments. 
We detected at Kerguelen Island some peculiarities in the reproduction 
of several groups of marine invertebrates, and particularly in the Echino- 
dermata, which I have briefly described in a separate paper. 

Two days before leaving Kerguelen Island, we trawled off the entrance 
of Christmas Harbour ; and the trawl-net came up, on one occasion, nearly 
filled with large cup-sponges belonging to the genus Eossella of Carter, 
and probably the species dredged by Sir James Clark Eoss near the ice- 
barrier, BosseUa aniarctica. 

On the 2nd of February we dredged in 150 fathoms, 140 miles south of 
Kerguelen, and on the 7th of February off Yong Island, in both cases with 
success. 

"We reached Corinthian Bay, in Tong Island, on the evening of the 6th, 
and had made all arrangements for examining it, as far as possible, on 
the following day ; but, to our great disappointment, a sudden change of 
weather obliged us to put to sea. Fortunately Mr. Moseley and Mr. 
Buchanan accompanied Captain Nares on shore for an hour or two on 
the evening of our arrival, and took the opportunity of collecting 
the plants and minerals within their reach. A cast of the trawl 
taken in lat. 60° 52' S., long. 80° 20' S., at 1260 fathoms, was not very 
productive, only a few of the ordinary deep-sea forms having been pro^ 
cured. 

Our most southerly station was on the 14th of February, lat. 65° 42' S., 
long. 79° 49' E. The trawl brought up, from a depth of 1675 fathoms, 
a considerable number of animals, including Sponges, Alcyonarians, 
Echinids, Bryozoa, and Crustacea, all much of the usual deep-sea cha- 
racter, although some of the species had not been previously observed. 
On February 26th, in 1975 fathoms, Umhellularice, ffolothuricB, and many 
examples of several species of the AnancJiytidce were procured ; and we 
found very much the same group of forms at 1900 fathoms on the 3rd of 
March. On the 7th of March, in 1800 fathoms, there were many animal 
forms, particularly some remarkable starfishes, of a large size, of the 
genus Hymenaster ; and on the 13th of March, at a depth of 2600 fathoms, 
with a bottom-temperature of 0°*2 C, Hohihurice were abundant, there 
were several starfishes and Aciiniat^ and a very elegant little Brachiopod 
occurred attached to peculiar concretions of manganese which came up 
in numbers in the trawl. 
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In nine successful dredgings, at depths beyond 1000 fathoms, between 
the Cape and Australia : — 

Sponges were met with on 6 occasions. 

Anthozoa Octactinia 7 

Poljactinia 6 

Crinoidea 4 

Asteroidea 8 

Ophiuridea 9 

Echinidea 

Ilolothuridea , 8 

Bryozoa 6 

Tunicata 5 

Sipunculacea 3 

Nematodes 1 

Annelida 8 

(Myzostomum) 2 

Balanoglossits , . . . . 1 

Cirripedia 4 

Ostracoda 1 

Isopoda 7 

Amphipoda 3 

Schizopoda 5 

Decapoda Macrura 6 

Brach3rura 2 

Pjcnogonida 2 

Lamellibranchiata 5 

Brachiopoda 2 

Gasteropoda 4 

Cephalopoda 3 

Teleostei 6 

It is of course impossible to determine the species with the books of 
reference at our command ; but many of them are new to science, and 
some are of great interest from their relation to groups supposed to be 
extinct. This is particularly the case with the Echinodermata, which 
are here, as in the deep water in the north, a very prominent group. 

During the present cruise special attention has been paid to the nature 
of the bottom, and to any facts which might throw light upon the source 
of its materials. 

This department has been chiefly in the hands of Mr. Murra/ ; and I 
have pleasure in referring to the constant industry and care which he has 
devoted to the preparation, examination, and storing of samples. I ex- 
tract from Mr. Murray's notes : — 

"In the soundings about the Agulhas bank, in 100 to 150 fathoms, 
the bottom was of a greenish colour, and contained many crystalline par- 
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tides (some dark-coloured and some clear) of Foraminifera, species of 
Orbtdina, Olohigerina^ and Palvinulina, a pretty species of Uvigerina, 
Planorbulina, Miliolina^ Bidimina, and Nummulina. There were very 
few Diatoms. 

"In the deep soundings and dredgings before reaching the Crozets, in 
1900, 1670, and 1375 fathoms, the bottom was composed entirely of 
Orhulinay Olobigerina, and Piilvimdifia, the same species which we get on 
the surface, but all of a white colour and dead. Of Foraminifera, which 
we have not got on the surface, I noticed one Eotalia and one Polysto^ 
nulla, both dead. Some Coccoliths and Rhabdoliths were also found in 
the samples from these soundings. On the whole, these bottoms were, I 
think, the purest carbonate of lime we have ever obtained. "When the 
soundings were placed in a bottle and shaken up with water, the whole 
looked like a quantity of sago. The PulvinuUnce were smaller than in 
the dredgings in the Atlantic. We had no soundings between the Cro- 
zets and Kerguelen. 

" The specimens of the bottom about Kerguelen were all from depths 
from 120 to 20 fathoms, and consisted usually of dark mud, with an 
offensive sulphurous smell. Those obtained furthest from land were made 
up almost entirely of matted sponge-spicules. In these soundings one 
species of Botdlina and one other Foraminifer occurred. 

" At 160 fathoms, between Kerguelen and Heard Island, the bottom 
was composed (A basaltic pebbles. The bottom at Heard Island was much 
the same as at Kerguelen. 

"The sample obtained from a depth of 1260 fathoms, south of Heard 
Island, was quite different from any thing we had previously obtained. 
It was one mass of Diatoms, of many species ; and, mixed with these, 
a few small Ohhigerincc and Badiolarians, and a very few crystalline par- 
ticles. 

"The soundings and dredgings while we were among the ice in 1675, 
1800, 1300, and 1975 fathoms, gave another totally distinct deposit of yel- 
lowish clay, with pebbles and small stones, and a considerable admixture of 
Diatoms, Badiolarians, and Ohhigerino!, The clay and pebbles were 
evidently a sediment from the melting icebegs, and the Diatoms, Badio- 
larians, and Foraminifera were from the surface-waters. 

"The bottom from 1950 fathoms, on our way to Australia from the 
Antarctic, was again exactly similar to that obtained in the 1260-fathom8 
sounding south of Heard Island. The bottom at 1800 fathoms, a little 
further to the north (lat. 50^ 1' S., long. 123° 4' E.), was again pure 
' Olohifjefina-oozey' composed of OrhxditKw, Glohigerincr, and Ptdvintdinte, 

"The bottom at 2150 fathoms (lat. 47° 25' S., long. 130*^ 32^ E.) was 
similar to the last, with a reddish tinge ; and that at 2600 fathoms (lat. 
42° 42' S., long 134° 10' E.) was reddish clay, the same which we got at 
like depths in the Atlantic, and contained manganese nodules and much 
decomposed Foraminifera." 
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Mr. Murray has been induced, by the obsenations which have been 
niade in the Atlantic, to combine the use of the towing-net, at various 
depths from the surface to 150 fathoms, with the examination of the 
samples from the soundings. And this double work has led him to a 
conclusion (in which I am now forced entirely to concur, although it is 
cectainly contrary to my former opinion) that the bulk of the material of 
the bottom in deep water is, in all cases, derived from the surface. 

Mr. Murray has demonstrated the presence of Globigerinai, Pulvinu- 
IhuBy and Orbulinas throughout all the upper layers of the sea over the 
whole of the area where the bottom consists of " Olohigerina-ooze " or of 
the red clay produced by the decomposition of the shells of Foraminifera ; 
and their appearance when living on the surface is so totally different 
from that of the shells at the bottom, that it is impossible to doubt that 
the latter, even although they frequently contain organic matter, are all 
dead. I mean this to refer only to the genera mentioned above, which 
practically form the ooze. Many other Eoraminifera undoubtedly live in 
comparatively small numbers, along with animals of higher groups, on the 
bottom. 

In the extreme south the conditions were so severe as greatly to inter- 
fere with all work. We had no arrangement for heating the work-rooms ; 
and at a temperature which averaged for some days 25° P., the instru- 
ments became so cold that it was unpleasant to handle them, and the 
vapour of the breath condensed and froze at once upon glass and brass 
work. Dredging at the considerable depths which we found near the 
Antarctic Circle became a severe and somewhat critical operation, the gear 
being stiffened and otherwise affected by the cold, and we could not repeat 
it often. 

The evening of the 23rd of February was remarkably fin^ and calm, 
and it was arranged to dredge on the following morning. The weather 
changed somewhat during the night, and the wind ros^. Captain Nares 
was, however, most anxious to carry out our object, and the dredge was 
put over at 5 a.m. We were surrounded by icebergs, the M-ind continued 
to rise, and a thick snow-storm came on from the south-east. After a 
time of some anxiety the dredge was got in all right ; but, to our great 
disappointment, it was empty, — probably the drift of the ship and the 
motion had prevented its reaching the bottom. In the mean time the 
wind had risen to a whole gale (force =10 in the squalls), the thermo- 
meter fell to 21°-5 F., the snow drove in a dry blinding cloud of ex- 
quisite star-like crystals, which burned the skin as if they had been 
red-hot, and we were not sorry to be able to retire from the dredging- 
bridge. 

Careful observations on temperature are already in your hands, reported 
by Captain Nares. The specific gravity of the water has been taken daily 
by Mr. Buchanan ; and, during the trip, Mr. Buchanan has determined 
the amount of carbonic acid in 24 different samples — 15 from the surface. 
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7 from the bottom, and 2 from intermediate depths. The smallest 
amount of carbonic acid was found in surface-water on the 27th January, 
near Kerguelen ; it amounted to 0*0373 gramme per litre. The largest 
amount, 0-0829 gramme per litre, was found in bottom-water on the 14th 
February, when close to the Artarctic ice. About the same latitude the 
amount o{ carbonicacid in surface-water rose to the unusual amount of 
0*0656 gramme per litre; in all other latitudes it ranged between 
0*044 and 0*054 gramme per litre. From the greater number of 
these samples the oxygen and nitrogen were extracted, and sealed up in 
tubes. 

The considerations connected with the distribution of temperature and 
specific gravity in these southern waters are so very complicated, that I 
prefer postponing any general resume of the results until there has been 
time for fuU consideration. 

While we were among the ice all possible obseryations were made on 
the structure and composition of icebergs. We only regretted greatly 
that we had no opportunity of watching their birth, or of observing the 
continuous ice-barrier from which most of them have the appearance of 
having been detached. The berg- and floe-ice was examined with the 
microscope, and found to contain the usual Diatoms. Careful drawings 
of the different forms of icebergs, of the positions which they assume in 
melting, and of their intimate structure were made by Mr. Wild, and 
instantaneous photographs of several were taken from the ship. 

Upwards of 15,000 observations in meteorology have been recorded 
during the trip to the south. Most of these have already been tabulated 
and reduced to curves, and otherwise arranged for reference in consider- 
ing the questions of climate on which they bear. 

Many specimens in natural history have been stored in about seventy 
packing-cases and casks, containing, besides dried specimens, upwards of 
600 store-bottles and jars of specimens in spirit. 

I need only further add that, so far as I am able to judge, the expedi- 
tion is fulfilling the object for which it was sent out. The naval and the 
civilian staff seem actuated by one wish to do the utmost in their power, 
and certainly a large amount of material is being accumulated. 

The experiences of the last three months have of course been somewhat 
trying to those of us who were not accustomed to a sea-life ; but the 
health of the whole party has been excellent. There has beien so much to 
do that there has been little time for weariness ; and the arrangemente 
continue to work in a pleasant and satisfactory way. 

(Signed) Chables Wxville Thomsoit. 
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XIIJ. " On the Centre of Motion in the Human Eye^'' By J. L. 
TuFFEB. Communicated by S. J. A. Salteb^ F.B.S. Received 
May 15, 1874. 

(Abstract.) 

The paper of which this is a short abstract premises that its argu- 
ment is conditional, that it adopts all the fundamental optical conditions 
as they are received, that the received centre of motion is not one of 
these, but is supposed to be legitimately derived from them, and that the 
author disputes this and proposes : — 

1st. To show that this conclusion is inconsistent with its premiseSi 
and that a different though indefinite conclusion is thence derivable ; 

2nd. By experiment, to develop and reduce that conclusion to a de^ 
finite form ; 

3rd. To verify it by anatomical induction. 

The latest investigations (those of Prof. Bonders) have placed the 
centre of motion nearly two millimetres behind the centre of the globe, 
and in the cornea's axis. The process of proof assumed that the centre 
of motion is equidistant from the outer and inner margins of the cornea, 
and, moreover, that the eye's visual line (ordinarily at 6° with the 
cornea's axis) wUl, by mere rotation, in turn coincide with three or more 
radii of the same circle ; or that, without moving the head, we can suc- 
cessively sight the lines on a graduated circular arc, seeing them as bo 
many points. 

The paper first proves, by a geometrical diagram, that if the eye, by 
simple rotation, can thus see the radii of a circle, the centre of motion 
must be in the visual line, not in the cornea's axis, as hitherto supposed ; 
proves next, by pairs of sights set up on the radii of a circle, and actuaUy 
seen as so many points, that the centre of motion m, in fact, in the visual 
line ; and proves, lastly, by measuring (mechanically) how far the front 
of the cornea is from the converging point of the radii thus sighted, that 
the centre of motion is about -^ of an inch, instead of ^ of an inch, be- 
hind the cornea's anterior surface. 

Then follows a twofold anatomical corroboration of these conclusions 
by examination, 

Ist, of the living eye ; 

2nd, of the dissected eye. 

(1st) If the eye rotated on a point in the antero-posterior diameter (or 
cornea's axis), then any two points equidistant from the cornea's centre 
would in turn occupy the same point in space, as assumed by Prof. 
Bonders. The first experiment shows that two such corresponding points 
wiQ not, as the eye turns, fall into the same place ; whilst other examina- 
tions of the living eye show not only that symmetrically situated points 
move asymmetrically^ but move asjrmmetrically in such a way as would 
occur if the centre of motion were external to the antero-posterior aids, 
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or Bomewliere in the visual line behind the nodal point, a position 
which agrees with that assigned to the celitre of motion by the preceding 
analysis. 

(2nd) The dissected organ exhibits an asymmetrical attachment of 
the recti muscles, so that a vertical plane cutting these attachments 
is further from the external than from the internal margin of the 
cornea. 

The circumference of this plane would be a circle, and the attachment 
of the globe's suspensory ligament, that resists the backward traction of 
these muscles, is found also to be a circle parallel to, and one line further 
back than, the former circle. The latter may be considered the base of 
a cone, whose vertex is the optic foramen, in the surface of which cone 
the recti muscles are situate. The base is therefore kept in equipoise 
by the symmetrical arrangement of the contracting muscles behind 
and the resisting suspensory ligament in front ; so that the contrac- 
tion of a single rectus, as it draws back the ligament on one side, 
increases its forward traction on the other side, and moves any two 
opposite points of the cone's base equally in opposite directions, or 
rotates it on its centre, a centre which is thus the anatomical centre of 
motion. 

But however the recti are situate (and act) symmetrically with the base 
of this cone, the base is oblique with respect to the cornea (not at right 
angles to its axis), and consequently its centre will be on one side of the 
cornea's axis ; and again, since the cone's base is further from the outer 
than from the inner margin of the cornea, its centre will be outside 
the cornea's axis. Now that part of the visual line where the preceding 
experiments have placed the centre of motion is outside the cornea's axis, 
while the base of the cone, whose centre has thus proved to be the ana- 
tomical centre of motion, is found to pass through the visual line -^ of an 
inch behind the cornea, exactly in accordance with the results of the 
experiment with sighted radii of a circle. 

Lastly, the obliquity of the cone's base with the base of the cornea 
proves to be a consequence of the hitherto unexplained want of lateral 
Sjrmmetry in the attachment of the recti muscles, thus explained as 
a most important means of adjusting the eye's visual line to the ob* 
-ject; while some further peculiarities in the insertion of the recti, 
demonstrated in the author's dissections, conspire to attain the same 
end. 

The author's thanks for valuable assistance are due to Mr. J. Salter, 
r.K.y., to Mr. H. G. llowse, Demonstrator of Anatomy to Guy's Hos- 
pital, and to the Eev. Geo. F. Wright, of Overslade, Kugby. 
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XIV. " Some Observations on Sea- water Ice.'' By J. Y. Buchanan, 

Chemist on Board H.M.S. 'Challenger.' Communicated 

by Professor A. W. Williamson, For. Sec. R.S. Received 

June 9, 1874. 

Many different opinions have been expressed as to the nature of ico 

resulting from the freezing of sea-water, all agreeing, however, in one 

point, that, when melted, the water is unfit to drink. During the 

antarctic cruise of H.M.S. 'Challenger' I took an opportunity of exa-r 

mining some of the broken pack-ice, into which the ship made an 

excursion on the morning of the 25th of February, and also some ice 

which had formed jver night in a bucket of sea-water left outside the 

laboratory port. 

The piece of pack-ice which I examined was, in substance, clear, with 
many air-bells, most of them rather irregularly shaped. Two portions 
of this ice were allowed to melt at the temperature of the laboratory, 
which ranged from 2° C. to 7^ C. The melting thus took place very 
slowly, and made it possible to examine the water fractionally. My 
experiments consisted in determining the chlorine in the water by means 
of tenth-normal nitrate-of-silver solution, and observing the temperature 
of the ice when melting. 

A lump, which, when melted, was found to measure 625 cub. centims., 
was allowed to melt gradually in a porcelain dish. When about 100 
cub. centims. had melted, 50 cub. centims. were taken for the determi- 
nation of the chlorine ; they required 13*6 cub. centims. silver solution, 
corresponding to 0*0483 gramme chlorine. When 560 cub. centims. 
had melted, 50 cub. centims. were titrated, and required 1'6 cub. centim. 
silver solution, corresponding to 0*0057 gramme chlorine. The remainder 
(65 cub. centims.) of the ice was then melted and 60 cub. centims. titrated ; 
they required 0*39 cub. centim. silver solution, corresponding to 0*0014 
gramme chlorine. We have then in the first 50 cub. centims. 0*0483 
gramme chlorine, in the next 510 cub. centims. 0*0579 gramme, and 
in the last 65 cub. centims. 0*0015 gramme. Hence the whole lump 
(625 cub. centims.) contained 0*1077 gramme chlorine, or, on an average, 
0*1723 gramme chlorine per litre. A quahtative analysis of the water 
showed lime, magnesia, and sulphuric acid to be present. 

Another piece of the ice was pounded and allowed to melt in a beaker. 
When about half was melted, the water was poui*ed off and found to 
measure 95 cub. centims. ; 75 cub. centims. were titrated with silver 
solution, and required 1*9 cub. centim. The remainder, when melted, 
measured 130 cub. centims., and required 0*9 cub. centim. silver solution. 
Hence the first fraction of 95 cub. centims. contained 0*0085 gramme 
chlorine, and the second of 130 cub. centims. 0*0032 gramme chlorine. 
The whole quantity (225 cub. centims.) of ice therefore contained 0'0117 
gramme chlorine, or, on an average, 0*0520 gramme per litre. 
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From these results it is evident that the ice under examination was 
very far from being an homogeneous body; and, indeed, nothing else 
could be expected, when it is borne in mind that the ice in question 
owes its existence, not only to the bond fde freezing of sea-water, but 
also to the snow which falls on its surface and is congealed into a 
compact mass by the salt-water spray freezing amongst it. 

The ice formed by freezing sea-water in a bucket was found to have 
formed all round the bottom and sides of the bucket, and formiug a 
pellicle on the surface, from which and from the sides and bottom the ice 
had formed in hexagonal planes, projecting edgewise into the water. 
The water was poured ofF, the crystals collected, washed with distilled 
water, pressed between filtering-paper, and one portion melted. It 
measured 9 cub. centims., and required 4 cub. centims. silver solution, 
corresponding to 0*0142 gramme chlorine, or 1*5780 gramme per litre. 
The other portion was us^d for determining the melting-point. The 
thermometer used was one of Geissler's normal ones, divided into tenths 
of a degree Centigrade, whose zero had been verified the day before in 
melting snow. The melting-point of the ice-crystals was found to be 
-* 1°'3. The temperature of the melting mass was observed to remain 
constant for twenty minutes, after which no further obsenations were 
made. 

In the same way the melting-point of the pack-ice was determined. 
The fresh ice began to melt at —1°; after twenty minutes the ther- 
mometer had risen to — 0°*9, and two hours and a half afterwards it 
stood at — 0°'3, having remained constant for about an hour at — 0^*4. 
Another portion of the ice rose more rapidly ; and when three fourths of 
the ice was melted, the thermometer stood at 0®. 

These determinations of the temperature of melting sea-water ice 
show that the salt is not contained in it only in the form of mechanically 
enclosed brine, but exists in the solid form, either as a single crystalline 
substance or as a mixture of ice- and salt-crystals. Common stdt, when 
separating from solutions at temperatures below 0°, crystallizes in 
hexagonal planes; sea-water ice, therefore, may possibly have some 
analogy to the isomorphous mixtures occurring amongst minerals. 



XV. ^' On the Physiological Action of the Chinoline and Pyridine 
Bases/' By John G. M'Kendrick and James Dewar, 
Edinburgh. Communicated by Professor J. Bukdon San- 
derson, M.D., F.R.S. Received June 11, 1874. 

(Abstract.) 

It is weU known that quinine, cinchonine, or strychnine yield, when 
distilled with caustic potash, two homologous series of bases, named the 
pyridine and chinoline series, Bases isomeric with these may also be 
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obtamed by the destructiye distillation of coa], or from Dippel's oil, got 
from bone. Oreyille Williams has pointed out that chinoline obtained 
from coal-tar differs in some respects from that yielded by cinchonine. 
In this research the authors endeavoured to ascertain (1) the physio- 
logical action of the various members of the series ; (2) whether there 
was any difference in this respect between the members of the series 
obtained from cinchonine and those got from tar ; and (3) whether, and 
if so, how, both as regards extent and character, the physiological action 
of these bases differed from that of the original alkaloidal bodies. 

The bases in both series are difficult to separate from each other ; but 
this has been done as far as possible by repeated fractional distillation. 
The salt employed was the hydrochlorate. This, dissolved in water, was 
introduced by a fine syringe under the skin of the animal. The action of 
chinoline was tested on frogs, mice, rabbits, guineapigs, cats, dogs, and 
man ; but as the effects were found to be similar in all of these instances, 
the majority of the observations were made on rabbits. The experi- 
ments with the other substances were made on rabbits and frogs. The 
physiological action of hvdrochlorate of chinoline was first examined. 
Its action was then compared with that of the hydrochlorates of the 
chinoline series of bases distilling at higher temperatures, including 
such as lepidine, dispoline, tetrahiroline, <&c. In the next place, the 
physiological action of the pyridine series was studied, beginning with 
pyridine itself, and passing upwards to bases obtained at still higher 
boiling-points, such as picoline, lutidine, &c. Lastly, the investigation 
was directed to the action of condensed bases, such as dipyridine, parapi- 
coline, &c. ; and the effects of these substances were compared with those 
produced by the members of the chinoline series and among themselves. 

The following are the general conclusions arrived at : — . 

1. There is a marked gradation in the extent of physiological action of 
the members of the pyridine series of bases, but it remains of the same 
kind. The lethal dose becomes reduced as we rise from the lower to the 
higher. 

2. The higher members of the pjrridine series resemble in physiologi- 
cal action the lower members of the chinoline series, except (1) that the 
former are more liable to cause death by asphyxia, and (2) that the 
lethal dose of the pyridines is less than one half that of the chinolines. 

3. In proceeding from the lower to the higher members of the chino- 
line series, the physiological action changes in character, inasmuch as the 
lower members appear to act chiefly on the sensory centres of the 
encephalon and the reflex centres of the cord, destroying the power of 
volimtary or reflex movement; while the higher act less on these centres, 
and chiefly on the motor centres, first, as irritants, causing violent con- 
\'ulsions, and at length producing complete paralysis. At the same time, 
while the reflex activity of the centres in the spinal cord appear to be 
inactive, they may be readily roused to action by strychnine. 
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4. On comparing the action of such compounds as C^ H, N (chinoline) 
with Cg H„ N (parvoline &c.), or C^ Hj^ N (coUidine) with C^ Hj, N (conia, 
from hemlock), or C,o H,^^ N, (dipyridine) with 0,^ H^^ N^ (nicotine, from 
tobacco), it is to be observed that the physiological activity of the sub- 
stance is, apart from chemical structure, greatest in those bases con- 
taining the larger amount of hydrogen. 

5. Those artificial bases which approximate the percentage composition 
of natural bases are much weaker physiologically, so far as can be esti- 
mated by amount of dose, than the natural bases ; but the Jcitid of action 
is the same in both cases. 

6. When the bases of the pyridine series are doubled by condensation, 
producing dipyridine, parapicoline, &c., they not only become more 
active physiologically, but the action differs in kind from that of the 
simple bases, and resembles the action of natural bases or alkaloids 
having a similar chemical constitution. 

7. All the substances examined in this research are remarkable for 
not possessing any specific paralytic action on the heart likely to cause 
syncope ; but they destroy life either by exhaustive convulsions, or by 
gradual paralysis of the centres of respiration, thus causing asphyxia. 

8. There is no appreciable immediate action on the sympathetic system 
of nen^es. There is probably a secondary action, because after large 
doses the vasomotor centre, in common with other centres, becomes 
involved. 

9. There is no difference, so far as could be discovered, between the 
physiological action of bases obtained from cinchoniue and those derived 
from tar. 



XVI. "On the Calculus of Factorials.'' By the Rev. H. F. C. 
Logan, LL.D. Communicated by Professor Caylev, F.R.S. 
Received November 10, 1873. 

(Abstract.) 

Our present knowledge of what is called pure analysis has for its con- 
crete basis the general theory of powers. 

This science the author might, after Wronski, sanctioned by Lagraoge, 
have called aJgorithmie, but he prefers giving it the designation Calculus 
of Powers, 

The simple functions whose properties and relations it is the object 
of this latter calculus to determine are, first, the three direct functions 
or algorithms, 2*, a«, sin z ; secondly, their three inverse functions or 

algorithms, 2^ (or \^z), log. r, sin"*r. 

The author proposes to establish a new branch of analysis or algo- 
rithmie, which is based upon the general theory of factorials, and in 
which i:"/^^ replaces 2". 
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The simple functions or algorithms whose properties and relations ifc 

is the province of this new calculus to determine are 2^^^^, (1+^)*, 

e M M 

(1— ^)A, (1+A)"*, (1—^) i, sin z sin z, and their inverse functions, 

-A +k 

^/ / / — / \ ^ 

z" ^ \0T A / v» ^^ ^» * logarithm taken to the base (1+^)*, or 

(l^Ji)^l and sin-i z sin-^ z. 

The calculus so founded the author proposes to call the Calculus of 
Factorials. 

The branches of the subject treated of in the present memoir will be 
understood from the following list of the contents of the various sections 
into which it is divided : — 

Ch. I. § 1. Definition and properties of s:^/^^, or more generally 
(a±2)«/TAz^ when n is a whole positive number. 

§ 2. Factorials with a negative whole index. 

§ 3. Factorials of which the index is a positive fraction. 

§ 4. Factorials of which the index is a negative fraction. 

§ 5. Factorial radicals. 

Ch. n. §^ 1. Application of the theory of finite differences to fac- 
torials. 

§ 2. Differenciation * of factorial exponentials and &ctorial lo- 
garithms. 

§ 3. Development of the various simple functions into factorial series. 



XVII. '^On the Employment of a Planimeter to obtain Mean 
Values from the traces of continuously Self-recording Meteoro- 
logical Instruments.*' By Robert H. Scott, M.A., F.R.S. 
Received May 23, 1874. 

It is hardly necessary to remind the Fellows that the self-recording 
instruments employed by the Meteorological Committee at their Obser- 
vatories for the continuous registration of pressure and temperature 
furnish their results in the form of photographic traces. The usual 
method of dealing with these barograms and thermograms, as they are 
respectively called, is to measure them at certain intervals by appropriate 
scales, and to treat the numerical values so obtained by arithmetical 
processes so as to arrive at mean results. 

This method is naturally very laborious, and its accuracy is to some 

* The author uses this word to denote that which in the calculus of finite difierences 
takes the place of differentiation in the differential calculus. 
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extent affected by certain peculiarities found to be very commonly pre- 
sent in such photographic curves, and of which no satisfactory explana- 
tion has as yet been discovered. The most important of these is what is 
termed by us " bagging," the result of which is that the base or fiducial 
line of the curve is no longer a straight line, but exhibits a certain de- 
gree of curvature, so that the difficulty of determining the hourly or 
other values by means of an engraved scale, bearing parallel straight 
lines, is very considerable. 

At the suggestion of Mr. Francis GWton, the Meteorological Com- 
mittee gave instructions that measurements should be made of the curves 
by means of the instrument called Amsler's Planimeter, of which a full 
description, by Mr. F. J. Bramwell, F.E.S., is printed in the * Beport of 
the British Association ' for 1872. The object of this invention is de- 
fined, in the paper quoted, to be " that the area of any figure, however 
irregular, can be recorded in definite standard units of measurement by 
the mere passage of a tracer along the perimeter of that figure." 

It is perfectly obvious that the measurement of the area of the curve, 
if it can be executed with sufficient accuracy, must give a far more satis- 
factory mode of ascertaining the value of the mean ordinate of the curve 
than the calculation of the average of any number of measured individual 
ordinates, while the economy of time ensured by the use of the planimeter 
forms a most important recommendation for its use. 

The mode of employing the instrument is as follows : — The entire 
perimeter of the curve, down to the base-line, is measured, and the value 
noted. Then using the saim base-line, a rectangle of known height, in 
units of the scale of the curve, is next measured in the same way, and 
the value noted again. 

The ratio of these two values is the mean value of the ordinate of the 
curve, or the mean pressure or temperature for the interval embraced by 
the curve. 

It may be remarked that I have learnt within the last few days that 
the present occasion is not the first on which a planimeter has been used 
for the deduction of meteorological means. Mens, van Eysselberghe, 
Professor at the School of Navigation, Ostend, has employed it in con- 
nexion with his new electrical Meteorograph. 

The subjoined Table shows for a period of eight months the means of 
temperature for Kew Observatory obtained by the planimeter, as well as 
those yielded by the old method, both for daily and for five-day means. 
It will be seen that the difference in 242 determinations of daily means 
only amounted to 0°'5 on six occasions, and to 0°-6 in one instance ; while 
out of 49 cases of five-day means the greatest difference was only 0°-4, 
and this was only once attained. 

At the end of the Table the column headed " Wr. Eep. Plates " gives 
the values obtained by measurement of the plates published in the 
'Quarterly Weather Report' for the period embraced by the measure- 
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ments to which I have just alluded. It will be seen from it that the 
five-day means so obtained hardly differ from those which are yielded by 
the direct measurement of the photographic curve by means of the plani- 
meter. 

The plates in question are obtained by the use of Mr. Francis Galton's 
Pantagraph, which transfers the records at a reduced time-scale to zinc 
plates, which plates are subsequently further reduced and transferred to 
copper by Wagner's Pantagraph, as explained in the Beport of the Com- 
mittee for 1870. 

I therefore hope that the Society will allow me to remark that such a 
test as this affords a satisfactory proof of the accuracy of the reproduc- 
tions of our automatic records which are executed in the Meteorological 
Office. 

The result of these preliminary experiments is that the planimeter 
means are practically identical with those obtained by treatment of the 
values of the hourly ordinates. 

It is foimd that the mean from the photographic record of temperature 
for one day can be obtained in about the same time as is required for the 
calculation of the hourly values ; while in the case of pressure the saving 
of time would be considerable. In both cases the hourly values are 
supposed to have been previously measured. If, however, the five-day 
mean from one of the plates of the 'Quarterly Weather Eeport' be 
admissible, the economy of time would be very great indeed. 

It does not appear that the liability to error in following the course of 
the curve with the tracer of the planimeter is greater than that of mea- 
suring the ordinates of the curve by a glass scale ; while we escape one 
serious cause of uncertainty in the latter operation, the difficulty of 
assigning the exact ordinate to the hour at a period of rapid change of 
temperature, &c. — a case of frequent occurrence ; and we almost entirely 
dispense with arithmetical calculations. 

It is very unfortunate that the use of the planimeter will not enable 
us to dispense with the necessity of taking hourly readings, inasmuch as 
it affords us no means of averaging any but consecutive values, and so 
renders us no assistance in any determination of the march of meteoro- 
logical phenomena. 

A further series of planimeter measurements, for pressure and dry- 
and wet-bulb temperature, for all the observatories for three months is 
now in progress ; and if, as we hope, the results will prove as satisfactory 
as those which I have the honour to submit to the Society on the pre- 
sent occasion, it would appear that there is no further reason why plani- 
meter means should not be published in future by the Office. 
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Date. 


First Day. 


Second Day. 


1 

Third Day. 






-Di.. T\._ 


Tabula. 


Plani- 


Differ- 


Tabula. 


Plani. 


Differ- 


Tabola- 


Plani- 


Differ- 




GrPOnpS of « iTo jbfwjra* 


tiont. 


meter. 


ence. 


tione. 


meter. 


ence. 


tloni. 


meter. 


ence. 




1872. 
























April .. 


. 1-6. 


50-2 


50-4 


+•2 


471 


47-6 


+•5 


41-3 


41-7 


+•4 






6-10. 


43-2 


43-5 


+'3 


47-3 


47-5 


+ •2 


52-3 


52-6 


+•2 






11-15. 


53-3 


53-2 


—•I 


561 


56-4 


+•3 


511 


51-4 


+•3 


^ 




16-20. 


49-7 


50-0 


+•3 


45-7 


460 


+•3 


42-7 


430 


+•3 






21-25. 


43-5 


43-5 


o 


47-4 


47-7 


+•3 


49-4 


49-2 


— •2 






26-30. 


53-3 


53-6 


+•3 


57-5 


57-6 


+ 1 


51-6 


520 


+ •4 




May .. 


. 1-5. 


53-2 


52-9 


-'3 


56-2 


56-3 


+•1 


54-8 


55-2 


+ •4 






6-10. 


47-9 


48-3 


+•4 


50-4 


60-8 


+•4 


47-3 


47-8 


+•5 






11-15. 


410 


410 


o 


45-2 


45-3 


+ -X 


47-6 


47-7 


+•1 






16-20. 


53-6 


53-6 


o 


48-9 


49-2 


+ •3 


420 


423 


+ •3 






21-25. 


50-1 


50-2 


+•1 


491 


49-4 


+•3 


500 


501 


+ •1 






26-30. 


561 


560 


— •I 


61-3 


60-8 


-•5 


611 


61-3 


+ •2 






•31-4. 


53-0 


534 


+ *4 


53-4 


532 


— •2 


53-4 


53-6 


+ •2 




June .. 


. 5-9. 


56-2 


56-3 


+•« 


54-5 


551 


+ •6 


50-8 


50-8 









10-14. 


54-4 


54-7 


+ •3 


54-6 


54-5 


— •X 


56-7 


56-8 


•f-I 






15-19. 


64-7 


64-9 


+•2 


68-7 


68-7 





71-4 


71 -1 


-•3 






20-24. 


64-3 


64-8 


+•5 


61-7 


61-9 


4- -2 


59-6 


59-9 


+ •3 






25-29. 


61-9 


62-3 


+•4. 


57-3 


57-4 


•fl 


57-9 


57-9 









30-4. 


60-7 


60-8 


+ 1 


61-5 


61-7 


+ •2 


62-4 


627 


+ •3 




July .. 


. 5-9. 


69-5 


69-8 


+•3 


677 


680 


+ •3 


700 


700 









10-14. 


62-4 


62-6 


+ •2 


670 


670 





65-2 


651 


—•I 






15-19. 


58-3 


58-4 


+•1 


621 


620 


— •X 


59-3 


59-4 


4-x 






20-24. 


67-2 


67-0 


— a 


724 


726 


+•2 


69-8 


69-9 


+•« 






25-29. 


761 


75-9 


— •2 


73-2 


73-2 





68-4 


68-5 


-fi 






30-3. 


620 


622 


+•2 


57-6 


57-7 


+ •1 


60-8 


60-8 







August 


4- 8. 


581 


58-2 


+ 1 


59-2 


591 


— •X 


61-2 


61-3 


+ x 






9-13. 


59-7 


59-6 


—•I 


621 


621 





60-2 


60-4 


+ •2 






14-18. 


59-0 


590 





58-7 


58-8 


+•1 


62-9 


62-9 









10-23. 


64-4 


64-6 


+•2 


65-0 


64-6 


— •4 


67-5 


67-7 


+ •2 






24-28. 


61-4 


61-3 


— •I 


64-8 


64-8 





61-2 


61-3 


•f-I 






29-2. 


59-9 


601 


+•2 


58-5 


58-7 


+ •2 


56-7 


56-7 







Sept .. 


. 3-7. 


68-6 


68-6 





68-3 


68-4 


+ 1 


65-4 


65-5 


+ •1 






8-12. 


60-4 


60-3 


— •I 


61-6 


61-8 


+ •2 


59-7 


59-6 


— *I 






13-17. 


65-3 


65-0 


-•3 


637 


63-7 





63-4 


63-7 


+ •3 






18-22. 


57-2 


57-5 


+•3 


52-5 


52-7 


+ •2 


46-7 


46-9 


+•2 






23-27. 








472 


47-5 


+ •3 


47-8 


47-7 


— •I 


^ 


Oct. .. 


. 28-2. 








53-3 


536 


+ •3 


51-4 


51-3 


— •I 




1873. 
























Jan. .. 


. 31- 4. 


350 


35-5 


+•5 


30-9 


31-3 


+•4 


29-8 


301 


+ •3 




Feb. .. 


. 5-9. 


33-2 


33-4 


+•2 


33-0 


331 


+ •1 


370 


37-2 


+ •2 






10-14. 


35-8 


35-9 


-fi 


340 


33-9 


— •I 


38-2 


38-4 


+•2 






15-19. 


40-8 


40-9 


+•1 


38Q, 


39-2 


+ •3 


35-2 


35-5 


+ •3 






20-24. 


320 


32-2 


+•2 


30-9 


31-2 


+•3 


37-2 


37-3 


+ •1 






25- 1. 


37-5 


37-4 


— •1 


46-3 


46-5 


+•2 


40-3 


40-6 


+ •3 




Iklarch.. 


. 2-6. 


42-7 


42-9 


+•2 


42-9 


428 


— •X 


49-9 


50-0 


+ x 






7-11. 


44-6 


44-8 


+•2 


421 


422 


+-X 


44-9 


45-9 


+ 'X 






12-10. 


39-3 


39-5 


+•2 


35-5 


35-8 


+•3 


34-7 


34-6 


— •I 






17-21. 


41-3 


41-5 


+•2 


40-5 


40-6 


+-X 


38-9 


390 


-f-x 






22-26. 


39-6 


39-7 


+•1 


430 


43-3 


+•3 


45-4 


45-7 


+•3 






27-31. 


444 


44-5 


+•1 


45-2 


45-5 


+•3 


471 


47-2 


+•' 






Mean Difference +*ia 


l^ean Difference +'I4 


KeanDiff'erenoe +'14 
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Fourth Day. 


Fifth Day. 


Means of the Fire Days. 






















Difference. 




Tftbola. 


Plani- 


Differ- 


Tbbola. 
tionB. 


Plani- 


Differ- 


Tabulft. 


Photo. 
Carve. 


W.Bep. 


Photo. Carre. 




tUUM, 




enoe. 


meter. 


ence. 


tiou. 


Platee. 


























±Tkba. 


± Wr. 






















lations. 


Bep-Ple. 




41-2 


41-4 


+ •» 


44-3 


44-5 


+•2 


44-8 


461 


44-9 


+•3 


+•2 




48-2 


48-6 


+•4 


49-6 


49-7 


+•2 


48-1 


48-4 


480 


+*3 


+•4 




50-1 


60-2 


+ 1 


53*5 


53-6 


+ 1 


528 


527 


62-9 


— •I 


— •2 




411 


41-4 


+ 3 


40-6 


40-7 


+ 1 


43-9 


442 


440 


+ 3 


+ •2 




487 


48-7 


o 


61-4 


51-6 


+•2 


480 


48-1 


477 


+ 1 


+ •4 




51-6 


61-4 


— •2 


52-7 


630 


+ •3 


63-3 


636 


636 


+•2 


— 1 




52-2 


52-3 


+ 1 


611 


51-4 


+•3 


63-6 


53-6 


63-4 


H-i 


+•2 




47-8 


48-0 


+•» 


47-0 


47-4 


+ •4 


48*1 


48-5 


47-9 


+•4 


+•6 




«9-9 


60-1 


+ a 


606 


604 


— •2 


46*9 


46-9 


470 





— •I 




44-4 


44-6 


+•» 


47-6 


47-5 





47-3 


47-4 


47-3 


+•1 


+•1 




51-7 


61-8 


o 


532 


631 


-•I 


50-8 


50-9 


50-8 


+•» 


+•1 




69-1 


69-2 


+ •! 


68-0 


68-5 


+•5 


691 


690 


69-1 


— •I 


— •I 




640 


54-3 
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Magnetic Observations at Zi-Ka^Wei, [June 18, 



XVIII. " Magnetic Observations at Zi-Ka-Wei.'' By M. Dechev- 
RBNs, Director of the Observatory. Communicated by the 
Rev. S. J. Peeey, F.R.S. Received June 15, 1874. 

Stonyhunt ObserrBtorj, 
June Idth, 1874. 

Mt deae Sie, — ^I enclose a report of some magnetic observations made 
at the New Observatory of Zi-Ka-Wei with instruments which I sent 
from Enghmd some time since. A complete set of self-recording mag- 
netographs have just been completed for the same observatory by Mr. 
Adie, and will be forwarded to their destination this week. The Director 
of the Observatory of Zi-Ka-Wei, as well as his first assistant, have both 
received full instructions in the use of these instruments, so we may t^fb- 
sonably hope that the science of terrestrial magnetism will be much 
advanced by the foundation of this new establishment. 

Yours sincerely, 

S. J. Pebbt. 

Q. O. Stokes, Esq., 8ee.R.8. 

Premiers r^sultats concemant la Variation diume de la D^linaison 
k Zi-Ka-Wei (Chine). 

Observations faites le 23-24 et le 29 Mars, 1874, le 6 et le 
12 Avril, 1874. 
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[The above Table is accompanied by a figure with the results pro-, 
jected, and is followed by a magnetic bulletin for March 1874, from 
which the following mean results are extracted : — 

Declination I*' 63' 69"-8 W. 

Vertical intensity 7*22996 

Inclination 46° 13' 13"-7 

Horizontal intensity 6*92833 

Total intensity 10-0137 

G. G. S.] 
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XIX. ^'Experiments with Safety-Lamps.'' By William Galloway, 
Inspector of Mines. Communicated by B. H. Scott, F.B.S. 
Received May 4, 1874. 

After the occurrence of a great coUiery-explosion it is usually very 
difficult, and sometimes impossible, to arrive at a satisfactory conclusion 
as to what were the causes which probably led to the catastrophe, and 
when safety-lamps have been exclusively used by the workmen its origin 
seems to be shrouded in mystery. The explosions which happened at 
Bisca, Morfa, Cethin, High Brooks, and Felton Collieries between the 
1st of March, 1860, and the 21st of October, 1866, appeared to be alto- 
gether inexplicable ; and, in the last two cases, when all the safety-lamps 
were found locked after the accident, no attempts were made to explain 
the phenomena. 

On the 12th of December, 1866, however, the great explosion took 
place at the Oaks Colliery, and fortunately several of the men who 
survived could give an account of some of the circumstances which 
immediately preceded it. A stone drift had been cut from near the 
bottom of the downcast-shafts to within a few feet of one of the intake- 
airways, and shortly before the accident a shot-hole was drilled at its 
inner end, and charged with a considerable quantity* of gunpowder; the 
men who were about the pit-bottom were warned into a sheltered place ; 
the shot was fired, and in a few seconds afterwards the shock of the 
explosion was felt. It was ascertained subsequently that a part of the 
rock at the bottom of the shot-hole had been blown into the intake-airway, 
leaving the tamping intact, so that the concussion of the air would be 
almost as great as if the tamping alone had been blown out. • 

A coincidence so remarkable as this attracted considerable attention, 
and after every great explosion which has happened since the Oaks' a 
search has evidently been made for some evidence of recent shot-firing. 
The following Table will give an idea of the magnitude of the important 
explosions which have happened within recent years, and of some of the 
circumstances under which they occurred. 

Synopsis of great explosions since 1860. 



Date of 
Ezplosion. 


Name of 
CoUiery. 


Number 
of men 
kiUed. 


Remarks. 


1860. 

Marchl 

December 1 ... 

1862. 
FebruaiT 19... 

1863. 
Mft'-cJ^ft 


Burradon ......... 


76 
142 

47 

26 


Naked lights. Deficient Tontilation. 

Safety-lampa Seyeral explosions simul- 
taneous with the principal one ? 

Naked lights and safety-lamps. Defi- 
cient Tentilation. 

Naked lights and safety-lamps. Qas 
from the goayee came upon Uie naked 
lights. 


Biflca 


Cethin 


Cozlodge 







* 1^ to 6 lbs. Reports of the Inspectors of Mines for the year 1866, p. 43. 
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Date of 
Exploeion. 



1863. 
October 17.. 

1865. 
June 16 



December 20. 

1866. 
Januaiy 23 . 



June 14.... 
October 21. 



December 12.. 



December 13. 

1867. 
August 20..... 



NoTember 8 



1868. 
NoTember25. 

December 26... 

1869. 
April 1 

June 10 

July 21 



NoTcmber 15. . . 

1870. 
February 4 ... 

February 14 . 



July 7 

July 23 

August 19.., 

1871. 
January 10 



February 2 



March 2. 



Name of 
Colliery. 



Morfa 

Bedwelty 

Cethin 

High Brooks 

Dukinfield 

Pelton 

Oaks 

Talko'th'HiU.. 
Garswood Park.. 
Femdale 



Hindley G-reen . 

Haydock 

High Brooks.... 



Femdale 
Haydock 



Low Hall 

Pendleton , 
Morfa 



Silrerdale ... 
Charles Pit 
BrynnHall 



Benishaw Park . 



Pentre 



Victoria Pit, 
Monmouth. 



Number 
of men 
killed. 



39 
26 
34 
30 
38 
24 

334 

91 
14 

178 

62 

26 

37 

53 
59 



27 

9 

30 

19 
19 
20 

26 
38 

19 



Remarks. 



Safety-lamps ; all were found in good 
order. Cause unknown. 

Lamps? Qss accumulated in an un- 
ventilated heading. 

Locked safety-lamps ; shot-firing carried 
on. Cause unknown. 

Locked safety-lamps; all were found 
locked. Cause unknown. 

Naked lights and safety-lamps. Defi- 
cient Tentilation. 

Locked safety-lamps; all were found 
locked; shot-firing carried on. Cause 
unknown. 

Safety-lamps. A heavily charged shot 
was fired in pure air a few seconds 
before the explosion. 

Safety -Umps ; shot-firing carried on. 
Deficient Tentilation. 

Safety-lamps. A shot had blown out 
the tamping. 

Safety-lamps; shot-firing carried on. 
Two distinct explosions took place 
simultaneously in districts communi- 
cating only by two passages, and 
yentilated by different air-currents. 

Safety-lamps. A shot had blown out 
the tamping. 

Safety-lamps. A shot had blown out 
the tamping. 

Safety-lamps. A shot had blown out 
the tamping. 

Cause unknown. 

Safety-lamps? An empty shot-hole was 
found fix)m which it was supposed 
the tampine had been blown; two 
or more explosions took place simul- 
taneously in distant parts of the mine. 

Safety-lamps. A shot had blown out 
the tamping ; there appear to haye 
been two simultaneous and yery vio- 
lent explosions. 

Safety-lamps? A shot had blown out 
the tamping. 

Gas from a barred-uff goaf ignited at a 
naked light 

Lamps ? Cause unknown. 

Naked lights. 

Safety-lamps ? A shot had blown out 
the tamping. 

Safety-lamps. A shot was fired with an 
oyercharge of gunpowder ; two ex- 
plosions 7 

Locked safety-lamps; shot-firing carried 
on. A blower is supposed to have 
made the return air so explosive that 
it ignited at the ventilating-fumace. 

Gkis in a stall worked with a safety- 
lamp ; it is assumed that a naked 
light was rnrried into it 
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Date of 
Explosion. 


Name of 
CoUiery. 


Number 
of men 
killed. 


Remarks. 




1871. 
September 6... 

October 25 

1872. 
February 11 ... 
March & 

October 7 


MossPitB 


70 
26 

11 
27 

34 


Safety-lamps. An empty shot-hole dis- 
covered after the pits were reopened. 
Cause unknown. 

Safety-lamps. A shot was fired in pure 
air : one explosion of firedamp was 
simultaneous with the shot ; another 
followed after a short interval ? 

Safety-lamps, A shot was fired. 

Safety-lamps ? A shot had blown out 
the tamping. 

Safety-lamps ; shot-firing carried on. 
Cause unknown. 




Seaham 


i 


Oakwood 




LoYer*s TAiia 

Morley Main 



It will be seen from the data given above that shot-firing was carried 
on in 17 of the 22 collieries at which important explosions took place 
after the 12th of December, 1866 ; safety-lamps were certainly used in 
12, and probably also in the 5 which are marked doubtful ; in 8 cases it 
was ascertained that a shot had blown out the tamping at or about the 
time of the explosion ; in 2 an empty shot-hole was found, from which the 
tamping is supposed to have been blown ; and in 3 a shot had been fired 
bringing down the coal or rock ; finally, at Bisca, Femdale (1867), Hay- 
dock (1869), Low Hall, Benishaw Park, and Seaham, two or more explo- 
sions appear to have taken place simultaneously in different parts of the 
mine unconnected by a train of explosive gas. The Seaham explosion is 
a remarkable one : a heavily charged shot was fired in pure air in one of 
the intake-aircourses, and, according to the statement of three men who 
survived, the explosion of firedamp followed the shot immediately ; one 
of the men further asserted that, in several minutes more, he heard the 
distinct report of another explosion. 

Two methods of accounting for the simultaneoiisness of the explosion 
of firedamp with the firing of the shot have been suggested in the 
Beports of the Inspectors of Mines : one of them supposes that the fire- 
damp is ignited directly by the shot ; the other, that the concussion of 
the air caused by the explosion of gunpowder dislodges gas from cavities 
in the roof and from goaves, and that this gas, passing along in the air- 
currents, is ignited at the lamps of the workmen. In some instances, 
when it has been known to be highly improbable that any gas existed 
nearer to the shot-hole than 10, 20, or even 40 feet, the advocates of the 
former hypothesis have taken it for granted that the gases issuing from 
the sho1>-hole were projected through the air as far as the accumulation of 
firedamp, retaining a sufficiently high temperature to ignite it on their 
arrival. On the other hand, the advocates of the latter hypothesis have 
not attempted to show how the gas, which they assumed could be dis- 
lodged in quantity by a sound-wave and its reflections, could be ignited 
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in those cases in which safety-lamps only were used. It is no doubt 
highly probable, however, that when once an explosion of firedamp has 
been initiated in one way or another, and large bodies of air are driven 
through the passages of a mine with great velocity, explosive accumula- 
tions will be dislodged from cavities and goaves, and pressed through the 
safety-lamps with the velocity requisite to pass the flame. 

In the beginning of the year 1872, when I was giving attention to this 
subject, it appeared to me to be probable that the sound-wave originated 
by a blown-out shot, in passing through a safety-lamp burning in an 
explosive mixtiu*e, would carry the flame through the meshes of the wire 
gauze, in virtue of the vibration of the molecules of the explosive gas. 
It had long been knovm*, indeed, that if an explosive current were made 
to impinge upon a lighted safety-lamp in a direction perpendicular to its 
axis, and with a velocity of 8 to 14 feet per second, the flame would pass 
through the meshes after a short time, and ignite the explosive mixtiu*e 
on the outside ; but it does not seem to have been suspected that the 
same result might be produced by the passage of an intense sound-wave 
through a safety-lamp burning quietly in an explosive mixture. The 
explosion at Cethin Colliery in 1865 is a good example of one that may 
have been caused in this way, by the firing of a shot. Several days after 
the explosion the safety-lamp of the overman was found, securely locked 
and uninjured, lying at the distance of a. few yards, within an abandoned 
stall which was known to have contained firedamp: shot-firing was 
carried on in this mine, and it is not improbable that a sound-wave from 
an overcharged or blown-out shot had passed through this lamp and 
ignited the explosive mixture shortly after the overman had entered it : 
moreover the Inspector of Mines says t he has no hesitation in stating 
that, in his opinion, the gas in this stall ^ad been ignited, and was there- 
fore the origin of the explosion ; but he is unable to state by what means 
it was fired. 

It is certain that, in every fiery mine, safety-lamps are placed in an 
explosive mixtiu*e from time to time, either by accident (as when men 
retire hurriedly, perhaps into disused places, after the fuse of a shot has 
been ignited) or by design to test the quality of the air, as the overman 
at Cethin Colliery may have been doing ; and it is equally certain that 
shots are fired, occasionally, which blow out the tamping and cause a 
violent concussion of the air. If, therefore, the explanation which is 
brought forward in this papeif to account for the relation between explo- 
sions and shot-firing be the true one, then the question as to how often 
explosions of this kind are likely to occur would resolve itself into one of 
probability as to how often an ordinary Davy or Clanny lamp, burning in 
an explosive mixture, would be traversed by a sound-wave of a certain 
amplitude of vibratipn. 

* Transactions of North of Eng^d Institute of Mining Engineers, toIb. i. & xvii. 
t Eeports of the Inspectors of Mines, 1865, p. 118. 
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On the 16th of January, 1872, 1 made the jBrst experiment in connexion 
with this subject in the Physical Laboratory of Uniyersity Ck)llege, London : 
Professor Q. G. Foster was present and co-operated with me. A sheet 
of wire gauze, 1 foot square, was inclined at an angle of 70^, and a slow 
current of gas and air from a Bunsen burner was directed against its 
under surface. Part of the explosive mixture thus formed passed through 
the meshes, and, when ignited, produced a flat flame on the upper surface 
3 in. long by 1 in. wide, and symmetrically situated in r^;ard to the 
sides of the sheet. A glass tube, 3 ft. 4 in. long by 3^ in. diameter, was 
placed with one end at a distance of IJ in. from the upper surface 
of the sheet of wire gauze; its axis was horizontal, passed through 
the middle point of the flat flame, and was at right angles to the 
line of intersection of a horizontal plane with the sheet. At the end of 
the tube furthest from the wire gauze, a vessel, d| in. diameter, containing 
a solution of soap in water was placed ; the point at which the axis of 
the tube cut the perpendicular from the centre of the liquid was 2^ in. 
from the end of the tube, and at the same distance above the surface of 
the liquid. An explosive mixture of coal-gas and oxygen was forced 
into the solution of soap until bubbles containing about 2 cub. inches 
had formed on the surface. A light was then applied to the gas 
at the upper surface of the wire gauze, and immediately afterwards 
to the bubbles ; and after the explosion it was found that tiie flame had 
vanished from the upper surface, and that the gas issuing from the 
Bunsen burner was on flre. 

Li December 1872, 1 made a number of experiments similar to the 
foregoing in the Laboratory of the Boyal College of Chemistry, when I 
was much indebted to Dr. Frankland for his valuable suggestions. The 
glass tube of the first experiment was replaced by two tin-plate tubes, 
each 2 in. diameter (one 10 ft. 11 in., the other 9 ft. 7 in. long) ; they 
were joined to form a continuous tube 20 ft. 6 in. long. The vessel 
containing the solution of soap was small enough to be placed just inside 
of one end of the tube, and the sheet of wire gauze was at a distance of 
1 in. from the other end. The same explosive mixtures were again 
employed, and the same result was obtained as before. A diaphragm, 
consisting of four sheets of brown paper of ordinary thickness, was now 
inserted at the junction of the two tubes ; the centre of the diaphragm 
was bulged to a distance of about half an inch towards the origin of dis- 
turbance. After the passage of the sound-wave, it was found that the 
flame had shifted to the opposite side of the wire gauze, and the dia- 
phragm was bulged to about i^e same extent, but in the opposite direc- 
tion. A quantity of loose cotton-wool, sufficient to fill the end of the 
tube completely for a length of three inches, was then pushed into 
the end of the one furthest from the wire gauze, at its junction with 
the other. After the sound-wave had passed, the flame was again 
found to have removed to the opposite side of the wire gauze, and the 
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cylinder of cotton-wool was one inch further from the origin of disturb- 
ance. 

Two sets of apparatus (figs. 1 & 2, Plate VI.) were now constructed : 
in both the sound-wave of a pistol-shot is conveyed through tin-plate 
tubes to a distance of 20 feet; then it passes through a safety-lamp, 
which can be surrounded by an explosive mixtiu*e of gas and air. 

In the apparatus represented in fig. 1 there aie two tubes, each 10 feet 
long by 3 inches in diameter. At the end o a disk of wood, | in. thick, 
with a hole in the centre large enough to receive the muzzle of the pistol, is 
fitted into the tube a; at c a sheet of indiiv-rubber, ^ in. thick, is tied 
over the end of the tube 6, and a tubular ring, one end of which is 
covered with a network of wire -j^ in. thick, with meshes -^ in. square, 
is drawn over the fastening till the network is close to the diaphragm. 
The part of the apparatus which is surmounted by the safety-lamp is of 
the following construction : — ^A round sheet-iron plate, g, of 6 in. dia- 
meter, rests on four short legs : above this, and joined to it, is a circular 
chamber, /, formed of two concentric tubular rings and two flat rings ; 
its exterior diameter is 2^ in., ita interior diameter is 1| in., and in the 
top ring there are twenty-four small equidistant holes, whose locus is a 
circle of 2 in. diameter. The screw which receives the lower ring of the 
wire gauze is carried upon projections inwards from the upper flat ring 
of the chamber /. The wire gauze of an ordinary Davy lamp, held 
between two rings in the usual manner, incloses a space in which a small 
gas-jet occupies the position of the wick in the oil-lamp, when screwed 
into its place above the chamber /: the three stout wires joining the 
upper and lower rings are omitted in the figure. A rod, Z, screwed into 
the plate g, carries a short narrow plate at its top, bent to the curve of 
the tube h which rests on it ; there is a strip of iron fastened to the tube, 
on each side of this support, to prevent it from altering its position 
relatively to the lamp. The part of the tube b opposite to the wire 
gauze is cut out, so as to leave a clear space of half an inch all round for 
the passage of the explosive mixture. The pipe h conveys gas to the 
chamber/, and the pipe h supplies the jet in the inside of the wire gauze ; 
the quantity is regulated by screw-clips on the india-rubber tubes. 

The experiment is made in the following way : — A pistol, of which the 
barrel is ^ in. bore and 5 in. long, is loaded with *205 gramme of gun- 
powder, and several pieces of paper are rammed down well upon the 
charge ; the firing is done by a cap. The gas-jet of the lamp having been 
lighted and the wire gauze screwed into its place, gas is made to pass 
into the chamber /, and escaping by the holes in the top, it mixes with 
the air and forms an explosive mixture, which surrounds the lamp : part 
of the explosive mixture passes into the interior, where it is ignited ; the 
remainder passes up on the outside. The muzzle of the pistol is then 
placed in the hole in the wooden disk, and as soon as the shot is fired 
along the axis of the tube, a large flame leaps up, and continues to bum 
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on the outside of the lamp*. If the charge of gunpowder be increased 
to '272 gramme, or be decreased to '136 gramme, the experiment does 
not succeed ; and if the wire gauze has become smoked by the flame of 
the inner jet being too large, the flame cannot be passed through. 

In the apparatus represented in fig. 2, there are again two tin-plate 
tubes, each 10 ft. long by 8 in. diameter, but they are joined to form one 
continuous tube 20 feet long. At the end o there is a disk of wood, 
I in. thick, with a hole in the centre for the muzzle of the pistol. The 
tube h (figs. 2 & 3), of tin plate, 12 in. long, has its interior isolated by 
an india-rubber sheet tied over the end c, and a sheet of paper tied over 
the end Jc, A ring, with a network of wires J in. thick, and with meshes 
I in. square, is drawn over the diaphragm in the same way as in the 
apparatus already described. Two short tubes, of 6 in. diameter, are 
joined to 6 to form a chamber large enough to receive a safety-lamp ; 
they are closed by flat ends, with the exception of a hole 3 in. diameter 
in the upper one, opening into a chimney e, and an opening of 2 in. 
diameter into the tube / in the lower one. The upper end of the tube 
/ opens into a flat round chamber, with holes i in. diameter and i in. apart 
round about its outside ; its position is indicated by the dotted line in 
fig. 3. At the top of the chimney e there is a draught regulator, g, 
which can be raised or lowered by means of the screwed spindle which 
supports it. The safety-lamp to be tested is placed on the discoid 
chamber, with its top projecting into the chimney if it is so long. Gas 
is supplied by a Bunsen burner at the bottom of the tube /, and, mixing 
with air, it flows upwards through the discoid chamber into the isolated 
space around the lamp. The products of combustion pass upwards 
through the chimney. 

The experiment is made thus : — ^The pistol is loaded with '41 gramme t 
of gunpowder in the same way as before : an ordinary Davy or Clanny 
lamp is lighted and put into the space d, which ia afterwards closed at 
the ends. Gas is then made to flow into the tube /; the lamp is observed 
through the window A, and as soon as it is seen that the atmosphere in the 
8pac« d is explosive, the shot is fired at o. The paper at A; is blown out and 
set on fire ; and the flame of the explosive mixture, passing backwards 
down the tube/, ignites the gas escaping from the Bunsen burner. 

The lamps which were tested with this apparatus are those known as 
the Davy, Clanny, Stephenson, Mueseler, and Eloin. The flame was 
easily passed through the Davy lamp, with rather more difficulty throt^h 
the Clanny, and not at all through any of the others. 

The first experiments with firedamp were made in No. 7 Pit, Barleith, 
near Glasgow. A wooden plug, with a small pipe through it, was driven 

^ This experiment was shown by Mr. Spottiswoode at the Bojal Institution on the 
evening of the 17th of January, 1873, with the apparatus I have described. The same 
apparatus was afterwards used at one of the Cantor Lectures of the Society of Arts. 

t If the charge be made greater or less than this by -15 gramme the experiment 
does not usually succeed. 
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into a horizontal borehole which had struck a blower, and the firedamp 
was conducted in tubes to a collecting vessel at a short distance. I soon 
found that this firedamp was very impure, as a mixture of one part of it 
with thirteen parts of air was not explosive ; however, I made a number 
of experiments in tlie mine with both sets of apparatus (figs. 1 & 2, 
Plate VI.), but did not succeed in passing the flame, except perhaps in one 
doubtful instance with the larger apparatus, when the gas issuing from 
the Bunsen burner was not set on fire. 

The next experiments with firedamp were made in the C Kt, Hebbum 
Ck)lliery, near Newcastle-on-Tyne. The gas, which issued from a bore- 
hole similar to that in the Barleith Fit, was collected in the same way, 
and conveyed in the collecting vessel to a convenient place near the 
stables, where naked lights could be used. The experiments with both 
sets of apparatus were quite successful, the quantity of gunpowder 
required being, in each case, the same as when coal-gas was used. The 
Davy lamp employed in the experiments with the larger apparatus 
belonged to the colliery, and was in constant use below ground. At the 
fifth trial (when I had ascertained the quantity of gunpowder required) 
the flame passed through the wire gauze, set fire to the paper tied over 
the end Tc, and passing backwards down the tube /, kindled the gas 
issuing from the Bunsen burner. My brother, Mr. E. L. Galloway, who 
was the resident viewer of the colliery at that time, was observing the 
lamp through the window h when the shot by which the flame was 
passed was fired. The flame of the wick, which was of ordinary dimen- 
sions before it was surrounded by the explosive mixture, had sent up a 
long smoky point to near the top of the gauze, which showed that the 
explosive mixture was composed of about 1 part of firedamp to 12 or 13 
parts of air. The lamp was carefully examined after the trial, and was 
found to be in good order. 

The Directors of the Ck)mpany to whom the colliery belongs were un- 
willing to allow any further experiments to be made in the mine, so that 
this series had to be abandoned before any more results had been obtained. 

Following are the analyses of the firedamp used in the foregoing 
experiments. The sample of gas from the Barleith blower was collected 
by myself at the time the experiments were being made, and analyzed by 
Dr. T. E. Thorpe, of Glasgow; that from the Hebbum blower was 
cdlected by my brother several weeks before the experiments, and was 
anDjTzed by Dr. Wright, of St. Mary's Hospital, London. 

Barleith. Hebbum. 

light carburetted hydrogen 76-86 85-22 

Carbonic add 1-31 3-27 

Olefiant gas traces 

Carbonic oxide 1-36 

Oxygen 2-17K..^ 

Nitrogen 22-83 7-98/^^^ 
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The next expenments were on a larger scale. Through the kindness 
of Mr. Carrick, the City Architect of Glasgow, part of a new sewer in 
North Woodside Eoad was placed at my disposal ; and Mr. Poulis, the 
manager of the Corporation Gku-Works, caused a pipe to be led into it, 
and provided a Hberal supply of gas. Eigs. 4, 6, & 6, Plate YII., are 
sections of the part of the sewer in which the experiments were made : 
fig. 4 b a plan section through the widest part, fig. 5 is a vertical cross 
section showing the dimensions of the sewer (6 ft. x 4 ft. are the greatest 
measurements), and fig. 6 is a vertical longitudinal section through the 
highest part. Fart of the sewer is a tunnel in solid rock (the diagonal 
shading in fig. 6 shows the position of the rock), and part of it is built in 
brickwork through the surface-drift. The length that was available for 
the experiments is comprised between the point A, where there was a 
wide shaft to the surface, and the point C, where I caused a wooden 
partition to be set up to prevent the draught of air from aCEecting the 
lamp. B is a manhole, 3 ft. 6 in. x 3 ft. 9 in. at the bottom, and 23 in. 
square at the top ; it was covered by two stones, each about 2 in. thick, 
with a space about 1 in. wide between them across the middle of the top 
of the manhole. The safety-lamp part of the apparatus (fig. 1, Plate YI.) 
was set upon a board fixed across the sewer at the point L, at a height of 
2 ft. 8 in. from the deepest point. 

I made a large number of experiments here, but it will be sufficient to 
give only the principal results. The shots were fired from the same 
pbtol that was employed in the former experiments at the distances from 
the lamp indicated by the figures below fig. 6, Plate YII. ; they were 
nearly all fired towards the position of the manhole B. Each measure 
of gunpowder weighed *273 gramme ( = 4*213 grains). The number 
of measures given below, corresponding to the distances from the 
lamp at which the shots were fired, are those by which the flame 
was passed ; and it is to be understood that at each distance a charge 
containing one measure less was generally insufficient to effect the 
purpose. 

(1) Between C and L : — 

At 27 ft. 5 measures s 1*365 gramme 
64 ft. 8 „ = 2*184 grammes 
81 ft. 10 „ = 2*730 
96 ft. 12 „ =3*276 
109 ft. 14 „ = 3*822 

One experiment was made with the pistol pointing towards the roof at 
an angle of 70° to the axis of the sewer ; the distance was 109 ft., the 
charge 20 measures, s 5*460 grammes; the muzzle of the pistol was 
1 ft. 6 in. from the floor, and the firing was effected by drawing a cord. 
The flame passed through the wire gauze, and ignited the gas on the 
outside. 
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(2) Between A and L : — 

At 33 ft. 8 measures s 2*184 grammes 
61 ft. 8 „ = 2-184 
96 ft. 8 „ = 2-184 

It is remarkable that, in these latter experiments, it was not necessary 
to increase the quantity of gunpowder as the distance from the lamp was 
increased. The large charge required at the first station seems to have 
been owing to the presence of the manhole between the lamp and the 
point at which the shot was fired ; but this waste of energy having been 
provided for, no further addition to the charge was required. It would 
seem as if part of the energy of the sound-wave was expended in the 
space C L in shaking the brickwork and a narrow wooden gangway 
supported on cross-pieces at a height of 1 ft. 5 in. from the sole; 
whereas in the space A L, in which no gangway had been laid down, it 
was conveyed through the tunnel in the solid rock without much loss of 
intensity. 

The temperature of the air in the sewer was 55°-56° Fahrenheit ; and 
there was generally a current travelling in the direction G to A at the 
rate of 5 to 10 ft. per minute. 

These are the last experiments from which important results have been 
obtained ; they were concluded in November 1873. 

After this I made some experiments with firedamp in a stone-mine in 
No. 2 Pit, Douglas, near Glasgow. I filled a sheet-iron box of 18 cub. ft. 
capacity with firedamp at the borehole in the C Pit of Hebbum Colliery, 
and brought it to this mine. As the gas appeared to have become mixed 
with air through leakage during the transport, and would not bum 
satisfactorily in the lamp of the apparatus (fig. 1, Plate VI.)> the apparatus 
shown in ^g, 7, Plate VII., was constructed. Two boards, each | of an 
inch thick, and of the shape and dimensions of the top of the apparatus, 
are joined together by iron rods | of an inch in diameter, one at each 
angle. A sheet of india-rubber, ^ of an inch thick, is then fastened 
round the frame thus formed by nailing it to the boards, and an isolated 
space of the form d^ fig. 7, is obtained. An opening, 1| inch in diameter, 
in the upper board serves as an outlet for the products of combustion ; 
and a similar opening in the lower board serves as an inlet for fresh air 
and the firedamp from a Bunsen burner. This apparatus is placed on 
two legs fastened to one of the sleepers in the roadway, and it is stayed 
tightly before and behind by four stout wires in positions analogous to «, 
the only one that can be seen in the figure. 

A Davy lamp was lighted and placed in the inside of d^ on a block of 
wood 3 inches high by 3 inches in diameter, so as to have its wire gauze 
as near as possible to the centre of the space ; firedamp was then admitted 
at the lower opening, and the draught was regulated at a. The appear- 
ances presented by the lamp were observed through a glass window, A, 
fastened > in the sheet of india-rubber ; and as soon as the flame showed 

Digitized byLjOOQlC 



1874.] On the Adiabatica and Isothermals of Water, 451 

that the mixture surrounding it was explosive, shots were fired from a 
gun at a distance of 30 yards. The barrel of the gun which was used is 
1^ of an inch in diameter, and it is rifled for a length of 3 ft. with 
seven grooves ; the breech which received the charge is smooth-bored, 
and 4^ inches long. Each measure of gunpowder weighed 3*822 grammes 
( = 59 grains), and the charges fired ranged between 1 and 9 measures ; 
paper tamping was rammed down tightly, and the charge was fired by a cap. 

The gun was tied to a prop in the middle of the mine, with its barrel 
at an angle of about 35^ upwards, pointing towards the apparatus ; the 
muzzle was 18 inches from the floor. At the part where the experiments 
were made, the sizes of the mine are : — width at top, 4 ft. ; width at 
bottom, 6 ft. ; height, 5 ft. 6 in. 

The sound-wave from a shot of two measures extinguished the flame, 
of the Davy lamp when it was placed on the outside of the apparatus ; 
but when it was placed in the inside of d, the flame could not be extin- 
guished nor passed through the meshes, even when the quantity of gun- 
powder was raised to nine measures. However, after the lamp had been 
allowed to bum in the isolated space for a few minutes (the supply of 
fresh air not being very good), it« flame could be extinguished by the 
sound-wave from a shot of four measures. The whole quantity of fire- 
damp was so small that there was no opportunity for enlarging or varying 
the apparatus. 

These experiments, and one which I made formerly in the sewer with 
the h tube of the apparatus, fig. 2, Plate YI., sbow that a very slight 
obstacle will interfere with the action of the sound-wave. They were 
concluded in March 1874. 

I would add, in concluding, that the liberal grant of money which I 
received from the Government-Grant Committee of this Society has been 
of great value in enabling me to carry out these experiments. 

I have also been much indebted for assistance to each of the following 
gentlemen: — Mr. Robert H. Scott, F.B.S.; Professor A. C. Eamsay, 
F.B.S. ; Professor W. W. Smyth, F.E.S. ; Professor Marreco, of the 
College of Physical Science, Newcastle-on-Tyne ; Mr. John Qtdloway, of 
Barleith and Dollars Collieries; Mr. J. B. Simpson, of Newcastle-on- % 
Tyne; Mr. Charles Shute, of Hebbum Colliery; and to Mr. William 
Kirkwood, of the Inkerman Mines, near Glasgow. 



XX. '' On the Adiabatics and Isothermals of Water.'' By A. W. 
RacKER^ M.A., Fellow of Brasenose College, Oxford. Com- 
municated by R. B. Clipton, M.A., F.R.S., Professor of 
Experimental Philosophy in the University of Oxford. 
Received June 4, 1874. 
M. Verdet, in his work on Thermodynamics (* CEuvres,' vol. vii. p. 184), 

enunciates the proposition " Deux courbes de nuUe transmission ne peu- 
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yent se oouper/' and offers a proof which rests upon the assumption 
that if a body could undergo a series of operations represented as to the 
changes of pressure and volume bj FQMP (where PQ is an isothermal 
and PM, QM two adiabatics), no heat would be gained or lost at any part 
of the cycle except PQ. 

It is, however, evidently impossible that the body could, at the point 
M, pass from one adiabatic to another without absorbing or emitting heat, 
t. e, while fulfilling the very condition that it should not pass from one 
adiabatic to another ; and the question as to the possibility of the inter- 
section of two adiabatics must therefore be submitted to a more general 
investigation, as it is certainly conceivable that heat might be gained or 
lost during the passage from the point M considered as lying on the first 
curve to the point M considered as belonging to the second, whether it 
took place, |m supposed by M. Yerdet, without any accompanying changes 
of pressure or volume, or whether, as we shall see would be generally the 
case, it could only be accomplished if the body were caused to assmne a 
series of intermediate states involving such changes. 

The question admits of an easy answer if we consider the case of 
bodies which can exist in two distinct states under the same circumstances 
of pressure and volume ; and for the present we may confine our atten- 
tion to water, which is the most conspicuous representative of the class, 
and which, at the ordinary atmospheric pressure and at temperatures 
between 0^ C. and 4° C, exists in a series of states in which the volumes 
are the same as those which it assumes if heated at the same pressure 
from 4^ C. to about 8^ C. 

Hence whereas for higher temperatures all the properties of water 
at atmospheric pressure are completely defined if we know the volume, 
such is not the case between the limits above indicated ; but each point 
on the line of constant pressure given bypsl atmosphere between its 
intersections with the isothermals 0^ G. and 4^ C. corresponds to two 
states of the water, or rather, since if the water-substance be converted 
into ice it will, if cooled sufficiently, again pass through the same range 
of volumes, each point corresponds to three states and is the intersection 
of three isothermals ; and as a similar remark may be made with respect 
to neighbouring lines of constant pressure, it follows that there is a 
region in the plane of pv such that three states of the water-substance 
correspond to each point within it, and that therefore the values of p 
and V given by any such point do not define the state of the water. 

If, however, from every point in the pLine of pv we draw perpendicu- 
lars to that plane, proportional to those values of some other property of 
the water (say, in this case, its temperature) which correspond to the 
conditions of pressure and volume represented by the points from which 
they are drawn, the extremities of such ordinates will form a surface 
which will be met once, or more than once, by any particular ordinate, 
according as the water can exist under the circumstances of pressure 
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and volume defined by the point in the plane of pv from which it is 
drawn in only one or in several statjps. 

This surface will be represented by the equation 

f(pvt)^0 ; 
and curves may be drawn on it showing the relations between the 
pressure, volume, and temperature when the state of the water is altered 
in any determinate manner, the projections on the plane of pv of those 
represented by the equation to the surface, combined with 



forming the boundaries of the region from all points in which ordinates 
can be drawn parallel to the axis of t which intersect the surface in two 
or more points. The ordinary adiabatics drawn on the plane of pv are 
the orthogonal projections of curves on the surface, each of which is 
defined by the condition that the water in passing through the series of 
states indicated by its successive points neither gains nor loses heat, and 
which, to avoid confusion, will be called complete adiabatics. 

Let now the line LM in the plane of pv (fig. 1) be the line p = l atmo- 
sphere. Draw an ordinate from L meeting the surface in A and B ; 
then, if different complete adiabatics pass through A and B, their pro- 
jections on the plane of pv will intersect ; and the only hypothesis on 
which we can avoid the assumption of the intersection of adiabatics is 
that the complete adiabatics are the intersections of the characteristic 
suiisLce fQpvt)=0 with cylindrical surfaces, the director curves of which 
are the plane adiabatics, and the generating lines parallel to the axis 
of t. In this case the same complete adiabatic would pass through 
every such pair of points as A and B, which is evidently impossible, as 
in performing the cycle AQBPA the water would absorb heat along 
AQB without at any time emitting it, and yet would neither increase its 
internal energy nor perform any external work, since the cycle projects 
into a straight line and a discontinuous curve meeting it in only one point. 
As, therefore, a complete adiabatic cannot pass through A and B, and as 
a similar train of reasoning would hold for the third point in which AB 
meets the surface, three adiabatics as well as three isothermals pass 
through the point on the plane of pv, which is the common projection of 
these points. 

As this conclusion disproves M. Verdet's theorem, we may proceed to 
consider a few simple propositions based on the hypothesis of the possi- 
bility of the intersection of adiabatics ; and in so doing it will be advisable 
to use a new term to distinguish between t^^'o classes of points of inter- 
section of the projections on the plane of pv of curves on the surface ; 
and reserving the usual expressions (intersect, cut, meet, &c.) for the pro- 
jections of points of intersection on the surface, we shall say that two curves 
cross one another when they meet in a point which does not correspond 
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to any such point of intersection, but is only the common projection of 
two separate points on the surface. 

In the first place, then, we know that if water, starting from an initial 
state such that addition of heat at constant pressure is accompanied by 
diminution of volume, be allowed to expand without receiving or emitting 
heat, its temperature will rise ; t. e. it will at the same time be doing 
work, solely at the expense of its internal energy, and rising in tempera- 
ture — a process which cannot go on indefinitely, as at last all the internal 
energy would be due to the temperature alone, and any further per- 
formance of work would necessarily involve a fall in temperature. 

Hence there must be a point of maximum temperature on the complete 
adiabatic drawn through the point representing the initial state ; and the 
isothermals through all other points on the same curve which lie within 
the region, in which addition of heat involves contraction, must meet it 
twice. The projections of these curves will also necessarily intersect in 
two points; and since when an adiabatic and isothermal meet the 
tangent to the former always makes the larger acute angle with the axis 
of V (Maxwell, ' Theory of Heat,' p. 130), it follows that the two curves 
must also cross at some point between their points of intersection, and 
will thus form two loops. 

This result holds however near the points of intersection may be 
together ; and when they coincide the carves on the characteristic surface 
touch one another, and their projections on the plane oipv have contact 
of the second order, since three points, t. e, the two points of intersection 
and the crossing point, are coincident ; and, further, the isothermal which 
thus touches the adiabatic is evidently that which corresponds to the 
maximum temperature above mentioned ; and the point of contact lies on 
the curve which is the boundary between the regions in which elevation 
and depression of temperature are respectively the results of compression, 
for at neighbouring points on the adiabatic the temperature is lowered 
when the volume is either increased or diminished. 

All the points of maximum temperature on the complete adiabatics lie 
on the curve defined by the condition 
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and since at all points on this curve the tangent planes to the sur&ce are 
perpendicular to the plane of jpt^, therefore the projections on that plane 
of all curves intersecting it touch its projection, because their tangents 
lie in a plane perpendicular to that of pv^ and are projected into one 
line. 

Hence the projection of any curve which meets this curve must at the 
projection of the point of section touch an adiabatic. 

But the ordinary interpretation put upon contact of an odd order with 
an adiabatic is that th3 body passing through the cycle of operations 
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represented by the curve, at the point of contact ceases to emit and 
begins to absorb heat, or vice versd ; and that therefore every closed 
cycle, if a continuous curve, must have 2n points of contact of an odd 
order with adiabatics, and if a discontinuous curve, 2n'-r such points of 
contact and r points of discontinuity at v^hich the curve does not cut the 
adiabatics passing through them. 

This, however, evidently does not hold for a curve which meets the 
curve in the plane of jw, defined by 



(»)-»• 



which is the projection of the curve in space, whose equations are 



For since it does not follow that the curves in space have contact because 
their projections touch, we see that the curve in the plane of pv may 
touch an adiabatic without any change taking place in the absorption or 
emission of heat ; and such a curve may, even if continuous, have contact 
of an odd order with an odd number of adiabatics. The point of contact, 
for instance, of a curve which touches but does not intersect the limiting 

curve at all points on which j -Z \s=bO, projects into a point of contact of 

the third order at least; and therefore the projected curve must lie 
entirely between the adiabatic and projection of the limiting curve, which 
only have contact of the first order — i, e, it has a single point of contact 
of an odd order, with an adiabatic which does not correspond to a change 
in the absorption or emission of heat, and therefore on the whole it has 
an odd number of points of contact of an odd order with adiabatics. 
Let us now suppose that ABB' A' and afifi'a are two adiabatics (fig. 4) 

which meet the curve [ -r^| BO,andlettwoisothermals,Aaa A'andS/3/3'B', 

meet the first in AA' and BE' and the second in oo' and $(i' respectively. 
We can now make the water go through Camot's cycle of operations 
between the same temperatures in. four different ways, of which we need 
only consider the cycles o'A'B'/3' and a'A'B/J. In each of these the quan- 
tities of heat received along a A' are the same, therefore the quantities of 
work done must be the same, i, e, 

area a'AB'/3'a' = area a'A'B/3a 

=:area a'A'B'/3'a'+area fi'B'Bfifi' ; 
.•.areaj3'B'B/J/3'=0. 

But this area is composed of the two B'j3'M and B/3M, and they are of 
opposite signs ; for in going round the closed curve BJ^'B'M, the work 
done on the body is greater than the work done by it, while in the loop 
MB/3M the contrary is the case ; whence we conclude that the areas 
B'i3'M and B/3M are equal. 
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In the jBgure the point ff is represented as further from C than M is ; 
if, however, fi' lies between M and C, then the crossing point of the 
isothermal and adiabatio must be substituted for that of the two adia- 
batics ; and in any case the areas of the two loops formed by two adia- 
batics and an isothermal which meets each of them twice are equal* 

This result will still hold if we suppose that the two points of inter- 
section with one of the adiabatics coincide, i, e» that it is that one which 
has contact of the second order with the isothermal ; whence it follows 
that the areas of the loops formed by any adiabatic and an isothermal 
which meets it twice are equal ; or, in other words, that 

If a body perform a cycle of operations which can be represented by 
an adiabatic and an isothermal, it will on the whole do no useful work. 

If we now proceed to consider the shapes of the adiabatics and 
isothermals of water near their points of section with the curve which 
is the second boundary between the regions in which addition of heat 
causes respectively increase and diminution of volume, and which corre- 
sponds for any given pressure to a local maximum as that already dis- 
cussed does to a minimum volume, the applications of several of the 
above remarks are too obvious to need any special comment ; but there is 
one isothermal the relations of which to the adiabatics which intersect it 
are of a very complex order, and to which therefore it may be well to 
draw attention. The isothermals of water may be divided into two 
classes, according as the pressure corresponding to the freezing-point is 
or is not less thfm the TnaTiTnnm tension of aqueous vapour at the given 
temperature. 

As a type of the first we may take the isothermal corresponding to 
0^ C, which is represented in fig. 2. The maximum tension of steam at 
this temperature is 4*6 millims. ; and as this is less than the pressure at 
the freezing-point, the vapour will be directly precipitated into ice, which 
will in turn be converted into water, when the pressure amounts to 760 
millims., the solid being thus intermediate between the gaseous and 
liquid states. 

An isothermal of the second class is represented in fig. 3. In this 
ease the vapour is precipitated in the form of water ; and as the possi- 
bility of the existence of water at the given temperature and pressure 
proves that the freezing-point for the given pressure is below the tempe- 
rature proper to the isothermal, and as any further increase of pressure, 
will tend still further to depress it, it is evident that the water-substance 
can never exist in the solid state at the given temperature unless at very 
great pressures contraction instead of expansion accompanies solidifica- 
tion. There must, therefore, be some isothermal which is at once the 
boundary and limiting form of these two classes ; and if considered as 
belonging to the first, it will be that for which the portion CD disappears, 
t. e. for which the pressures corresponding to the freezing- and boiling- 
points are the same. 

2m2 t 
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The form of this curve will therefore be that of an isothermal of the 
second class ; but for the pressure corresponding to B'C the water-sub- 
stance can exist in all three states ; and as the portion of the curve in 
space corresponding to B'C is a line perpendicular to the plane of pt^ 
its projection on that plane is the triple point of Professor James 
Thomson ; and if we assume, with him, that ice, water, and steam can all 
exist together at the temperature and pressure in question, it follows 
that this line b both an isothermal and adiabatic ; for if we suppose the 
water-substance to exist at the same time in all three states in a vessel 
impermeable to heat, we can evidently by diminishing the volume con- 
vert some of the steam into water, and employ the heat so set free in 
melting a portion of the ice, during which operation the state of the 
mixture will always correspond to a point on B'C* 

Not only, however, is a single adiabatic coincident with the isothermal, 
but all the adiabatics within certain limits pass through each point on 
B'C, and are for a certain distance coincident with it, and therefore 
with each other ; for as the conversion of ice into T^ater is accompanied 
by contraction, and that of water into steam by expansion, we can keep 
the volume and pressure of a mixture of ice, water, and steam constant, 
while, by supplying or subtracting heat, we alter their relative proportions. 

The mixture can thus be made to go through Camot's cycle without 
any change either in the pressure or temperature, the result always 
being that no useful work is done ; and as in the earlier portion of this 
paper it has been shown that it is possible for two adiabatics, drawn as 
plane curves, to intersect, so now we have an instance of the intersection 
of complete adiabatics, all three variables j), v, and t, to which points on 
these curves are referred, being insufficient to determine the state of the 
water-substance along the line B'C 

It is easy to determine the points at which the adiabatic corresponding 
to any given mixture enters and leaves B'C. 

Let ff, f, and 2 be the specific volumes of the ice, water, and stetam, 
r and p the latent heats of conversion of ice into water and steam respec- 
tively, and V the volume of a kilogramme of the water-substance, when 
the proportions by weight of steam, water, and ice are 

{ : a? : 1— ar— {. 
We have then, as the temperature is constant, 

rfQ=rrfa?+p(f{, 
and v=S{+«a7-|-a(l-^— {). 

If no heat is supplied or abstracted, 

c?Q=0 and r(a?-.^,)+p«-g=:0. 
If we consider .v^ and l^ to belong to the initial state, two cases arise 
according as 



£^ is or is not >(1— ^r^)^ 



Digitized by VjOOQIC 



1874.] Adiabatics and Isothermals of Water, 459 

». e. according as there is or is not enough steam to supply by its conden- 
sation a sufficient quantity of heat to melt all the ice ; and as 

which is always positive, as « — ^ is negative, we have the largest and 
^mallest volumes given by the limits 

ir=0 and 1— d?— {=0, 
or a?=0 and 4=0. 

The maximum volume is therefore in any case given by 

p 

and the minimum volume is 

(S-s) Kl--^o)"pgo+, ia the first 
r-p 

and (s-ff)!!^oJ-?zp-f a in the second case; 

and the differences between these quantities give the range of volumes 
for which the adiabatic belonging to the initial values x^^ f^ coincides with 
the isothermal. 

In conclusion it is only necessary to point out that some of the results 
in the earlier part of the paper follow immediately from the ordinary 
formulsD of thermodynamics. 

If Qp and C^ are the specific heats at constant pressure and constant 
volume respectively, and if, to avoid confusion, we write the quantity 
which is supposed to remain constant as a subscript to a partial differ- 
ential coefficient, we have the well-known expressions 



and 



^•=-^'-^na),(t). 

(dv\ J^(dv\ 



where Q is constant for any adiabatic. From the first it follows that 
when (I) =0, 



and 



C=C, 

"KdpJa \dp)i 
i. e. the adiabatics and isothermals touch one another at points of maxi- 
mum or minimum volume. 
Also by differentiation, 

/^v\ C, f(Pv\ d /C,\/dv\, 

Wh Wpyt '<fp VCJ VIp},' 
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whence for all points on the curve -^=0, we hare 

at 

Wh WJt 
and therefore the contact is of the second order. 

P.S. Since the above was written, a paper has been published in the 
*Annales de Chimie et de Physique' for March 1874, in which the 
author, M. J. Moutier, is led, from thermodjrnamical considerations, to 
the conclusion that it is impossible for aqueous vapour in contact with 
ice to have the same tension as when it is in contact with water at the 
same temperature ; and as some conclusions have been pointed out in the 
preceding pages which follow on the assumption that at the triple point 
the tension of the vapour is the same in each case, it may be well to show 
that his arguments do not really touch the question as to which of the 
two hypotheses is the true one. 

M. Moutier discusses the case of a body which can exist in two dif- 
ferent states, M and M', such as the solid and liquid ; and supposing that 
the tension of the vapour is different according as it is in contact with 
the first or second, he obtains a general formula for the heat of trans- 
formation from M to M', from a consideration of the quantities of heat 
gained or lost if the body is compelled to undergo a definite series of 
changes constituting a. closed cycle (p. 348). 

The second operation in this cycle is that the body M' passes from the 
pressure w to the pressure p' ; and in the application of the general 
formula to the case of water, M is taken to represent ice at 0° C, M' 
liquid water at the same temperature, w the atmospheric pressure, and p' 
the tension of aqueous vapour over liquid water at 0° C. (p. 362). 

If, however, the symbols have these meanings, the prescribed operation 
is, in the case of water, impossible ; for as water cannot exist at 0° C. 
in the liquid state at less than the atmospheric pressure, the body M' 
would be converted into M as soon as the pressure w was diminished, 
and no conclusions can be drawn from the cycle in question in the case 
of water. 

M. Moutier employs a second argument which can be shown to have 
no greater weight than that already discussed, and which may be stated 
as follows : — 

If Q is the latent heat of conversion of ice into water, and L and L' 
the latent heats of conversion of ice and water respectively into steam^ 
then at the triple point we must have 

Q=L-L'. 
L and L' are given by the well-known formulsB 

L=AT(t»-«)J, 

dt' Digitized by Google 
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where u and u' are the specific Tolumes of ice and water, and |}, p'f v, 
and v' the pressures and specific volumes of steam over ice and water 
respectively. 
At the triple point t; = v' and p =p' ; and M. Moutier further assumes 

that -^ s -^, and therefore obtains by substitution 
at at 

Q=AT(u'-u)J; 

and as -£ is positive, being derived from formulas which have reference 
dt 

to the maTimnm tension of the vapour, and u' *u is negative, it follows 

that Q, or the latent heat of water, is negative, a result which shows that 

some of the premises must be false. 

The erroneous assumption, however, is not the possibility of the 

existence of the triple point, but is contained in the equation 

dp^dp' ^ 

di^dt' 

for Professor James Thomson has recently shown (Proc. Boyal Society, 

Dec. 11, 1873) that M. Begnault's experiments, on the whole, favour the 

conclusion, which he draws from theoretical considerations, that 

dt dt 

and if this equation be true, 

Q = AT { (v-v) l-13-(i;-u') I -^ 



= AT 1 0-13v-M3tt+tt' I -^ ; 



whence, as at 0"* C, vsa210-66, while u and u' differ little from 0*001, 
it is evident that for a temperature so near zero as that of the triple 
point, the expression within the brackets must be positive, and Q is, as 
it should be, positive also. 

XXI. " Contributions to Terrestrial Magnetism.''— No. XIV. By 
Oeneral Sir Edwabd Sabine^ B.A.^ K.C.B.^ F.B.S. Re- 
ceived June 1^^ 1874. 

(Abstract.) 

This paper is presented by the author as No. XTV. of his " Contri- 
butions to Terrestrial Magnetism," completing the magnetic survey of 
the northern hemisphere (of which No. XIII. comprised the higher lati- 
tudes). It consists of a very brief explanatory introduction, followed by 
Tables, in which (as in No. XHl.) the three magnetic elements are 
arranged in zones of latitude. These Tables, which form the body of the 
work, are accompanied by three maps, presenting the results graphioally , 
in isogenic, isoclinal, and isodynamic lines. 
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XXII. " Tables of Temperatures of the Sea at various Depths bdow 
the Surface, taken between 1749 and 1868; collated and 
reduced, with Notes and Sections.^' By Joseph PaESTWicH, 
F.R.S., F.G.S. Received June 4, 1874. 

(Abstract.) 

This paper was commenoed by the author more than twenty years 
^ince, with a view to the geological bearing of the subject, but was for 
some years unavoidably interrupted. It has now been brought down 
to 1868, the date of the ' Lightning ' expedition, when the subject was 
taken up by Dr. Carpenter, by whom it has since been so ardently and 
ably carried on. Nevertheless, as Dr. Carpenter's work relates almost 
solely to recent investigations, the author considers that there is yet con- 
siderable interest attached to the work of the earlier observers from 1750 
to 1868, though he feels that much of it is necessarily superseded by the 
great and more exact work subsequent to 1868. He is aware that the 
older observations have also not been deemed reliable on account of the 
error caused by pressure on the thermometers at depths ; but this is far 
from applying to the whole of them, as that error was taken into account 
so early as 1836, if not before, and a large number of these observations 
are equally reliable with the more recent ones, while the greater part of 
the others admit of corrections which render them sufficiently available. 

In 1830, Gehler gave a list of 226 observations, and D'XJrville, in 1833, 
tabulated 421 experiments according to depths. The present paper 
contains a record of about 1300 observations, which are arranged accord* 
ing to the degrees of latitude : — 1st, for the northern hemisphere ; 2nd, 
the southern hemisphere ; 3rd, inland seas. They are all reduced to 
common scales of thermometer, measure of depth, and meridian. Their 
position is given on a map of the world, and the bathymetrical isotherms 
from the Poles to the Equator, based on the correct and corrected obser- 
vations, are given in a series of ten sections. The author does not claim 
for these observations the exact value, or the unity and completeness of 
plan, of the more recent ones, while, as compared with them, the depths at 
which they were made are on the whole very limited ; still they include 
a few at great depths ; and as they extend over much ground that has 
not been covered by the expeditions of the * Lightning,' * Porcupine,' and 
* Challenger,' he trusts that these Tables may be of some use as comple- 
mental to these later researches, and as bringing together and reducing to a 
common standard, observations scattered through a large number of 
works and memoirs. At the same time, the author would observe that he 
thinks it due to our many distinguished foreign colleagues who have been 
engaged in the inquiry, and whose work seems but little known, that the 
results of their researches should be imderstood in this country. Their 
conclusions, which are in close agreement with those formed, entirely in- 
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dependently, upon recent and better data by Dr. Carpenter, acquire, 
from this concordance, additional force and value. Tbe author was not at 
^ aware himself, in the earlier part of the inquiry, how much had been 
done, and often found himself framing hypotheses which, on further 
examination, he found had been long before anticipated by others. 

The first part of the paper consists of an *' Historical Narrative,'' 
which embraces an account of the character, number, and position of the 
observations made by Ellis (1749), Cook and Forster (1772), Phipps 
(1773), Sau8sure (1780), P^ron (1800), Krusenstem (1803), Scoresby 
(1810 and 1822), Kotzebue (1815), Wauchope (1816 and 1836), John 
Eoss and Sabine (1817 and 1822), Abel (1818), Franklin and Buchan 
(1818), Parry (1819, 1821, 1827), Sabine (1822), Kotzebue and Lenz 
(1823), Beechey (1825), D'Urville (1826), FitzEoy (1826), Blossville 
(1827), Graah (1828), Berard (1830), Vaillant (1836), Du Petit Thouars 
(1836), Martins and Bravais (1838), Wilkes (1839), James Eoss (1839), 
Belcher (1843 and 1848), Aime (1844), Kellett (1845), Spratt (1845- 
1861), Dayman (1846), Armstrong (1850), Maury, Eogers, Bache (1854- 
57), PuUen (1857), Wiillerstorf (1857), Kiindson (1859), E. Lenz (1861), 
Shortland (1868), Chimmo (1868). 

The second part relates to the " Method and Value of the Observations." 
Wanting a reliable self-registering thermometer, the early observers, for 
a considerable time, used a machine contrived by Dr. Hales to bring up 
water, by means of a bucket with valves, from the depth at which the 
temperature was to be taken. This was used by Ellis, Cook, Scoresby, 
Wauchope, and Franklin, and one of a form improved by Parrot was em- 
ployed by Lenz. Scoresb/s observations in the seas around Spitzbergen are 
of much interest. He showed that while at the surface the temperature 
varied from about 29® to 42°, the temperature at depths of from 2000 to 
4000 feet was generally about 34° to 36® ; and there is reason to believe 
that, with the very slight corrections suggested by Lenz's subsequent 
researches, most of them are correct within a fraction of a degree. 

The most remarkable readings, however, taken with this apparatus were 
those obtained by Lenz in Kotzebue's expedition of 1823. He applied to 
the observations a correction founded on Biof s law of the variations of 
temperature experienced by bodies in passing through mediums of different 
temperature, and determined the lowest temperatures hitherto noted in 
intertropical seas. Thus, one sounding in mid-Atlantic, 7° 21' N. lat., at a 
depth of 3435 feet, gave a corrected reading of 35°'8 F., and another at a 
depth of 5835 feet, in mid-Pacific, 21° 14' N. kt., gave 36°-4 F., the surface 
temperatures being 78°*5 and 79°'5. His observations on the specific 
gravity of sea-water al^ also valuable. 

Saussure and Peron used thermometers surrounded with non-conduct- 
ing substances, so that they might pass through the warmer upper strata of 
water with little change. Saussure's experiments deserve notice, inasmuch 
as, after applying a correction, they recorded, at that early period, for 
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the Mediterranean, at a depth of 1000 to 2000 feet, a temperature, so 
nearly right, of 65®*6. 

Sir John Boss and Admiral Spratt sometimes used Six's thermometers, 
and at others took the temperature of the silt brought up from the bottom. 
The former obtained readings of 28'*'6 P. for Baffin's Bay, and the latter 
of about 56° for the Grecian archipelago, agreeing therefore closely with 
good thermometrical observations. 

Phipps used a difEerential overflow thermometer invented by Cavendish, 
but it was not found to answer. This form of instrument remained in 
abeyance until a greatly improved form of it was contrived by Wal- 
ferdin (thermometre a deversement) in 1836. It was used by Mar- 
tins and Bravais in the Arctic seas, and by Aim^ in the Mediterranean, 
and was said to give very satisfactory results. Aim^ also used another 
«omewhat similar instrument, which, at a given depth, was reversed and 
then hauled up. These instruments have the great advantage of being 
free from errors arising from the shifting or immobility of the index. 
It is not clear why their use was abandoned, except that they were diffi- 
cult to construct and not generally known. 

Six described his thermometer in 1782 ; but the first person to use it 
was Krusenstem, in 1803. It did not come into general use for deep- 
sea observations until the Arctic voyages of Eoss and Parry, after 
which date it was, with the exception of Lenz's and Aim^'s, employed 
for that purpose on all the expeditions sent out by foreign governments, 
as well as by our own. The necessity of protecting the instrument 
against pressure was early insisted upon by Lenz, Arago, Biot, and 
others ; and there is reason to believe that protected thermometers were 
used by D'Urville and B^rard, for their observations in the same Medi- 
terranean area show a remarkably close agreement with those recently 
made by Dr. Carpenter, with protected instruments, at and below depths 
of about 200 fathoms, the results being : — 

D'Urville (May 1826). Berard (Nov. 1830). Carpenter (Aug. 1870). 

Surface ...; 64^-1 F. Surface .... 67°-l P. Surface .... 73°-5 P. 

1062 ft 54^-2 3189 ft 55^-4 2958 ft 55°-5 

3189 ft 64^-7 6377 ft 55°-4 7968 ft 54°-7 

It was, however, on Du Petit Thouars's voyage of 1836 that the first 
special steps were taken to protect the thermometer against pressure. 
Por that purpose an improved instrument of Bunten's was provided, 
and this was enclosed in a strong brass cylinder. Pifty-nine observations 
were made, of which Arago reported that 21 might be considered perfectly 
good. Temperatures of 36°, 37^ and 38° P. were recorded at depths 
(900 to 1100 brasses) in both the mid-Atlantic and mid-Pacific ; while 
in one case, in taking a sounding at a depth of 12,271 feet near the 
equator in the Pacific, the instrument came up crushed, but with the index 
fixed at 34^-8 P. (l°-6 or r-7 C). In a certain numbw of cases (24) the 
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pressure forced water into the cylinder. For these corrections were 
made. 

In 1839, MM. Martins and Bravais made a series of obserrations in 
the sea between Norway and Spitzbergen with instrnments carefully 
protected against pressure by means of glass tubes or metal cylinders. 
They used both self-registering thermometers i^hervMrnetrtigraphu) 
and Walferdin's self-registering overflow thermometers, sending down 
two to four of each in every sounding, and taking the mean of the readings* 
These probably are amongst the most accurate observations on record. 
To a great extent they confirm those of Scoresby; and they further 
showed that the bottom-temperature near the Spitzbergen glaciers was 
about 29° F. JSfone of the soundings exceeded 3000 feet. 

In 1857, the late Admiral FitzBoy furnished Captain Pullen with ther- 
mometers specially constructed to resist pfessure, and some very interest^ 
ing, though somewhat variable results, were obtained therewith. On two 
occasions a temperature of 35° F. was recorded— one in the Atlantic, 
26'' 46' S., at a depth of 16,200 feet, and the other in the Indian Ocean, 
at a depth of 13,980 feet. 

With regard to the many observations made with unprotected instru- 
ments, they mostly admit of correction, which renders them available. 
Such corrections have been independently computed, with little difference, 
by Du Petit Thenars, Martins, Aim^, and the late Dr. Miller. The 
author, taking the mean of i^eir estimates, uses as a coefficient — P F. for 
every 1700 feet of depth. 

In the third part of the paper the author shows the '^ State of the 
Question at the date of the Lightning Expedition." Ellis, Forster, 
P^ron, and others early remarked on the decrease of temperature at depths 
in temperate and tropical seas, but it was no^ until 1823 that Lenz 
showed that a temperature of 35° to 36° existed at greater depths in 
those seas. Notwithstanding this, DIJrville in 1826, misled by incorrect 
readings obtained by previous observers with imcorrected instruments, and 
in the absence of sufficiently deep observations of his own, was led to 
believe that the temperature in open seas at and below a depth of 3214 
feet (600 hr(me») was nearly uniform at 39°-8 F. (4°-4 C), and that be- 
tween the latitudes of 40° and 60° there is a belt of a like nearly uniform 
temperature. A few years later, Arago, discussing the results obtained 
by Du Petit Thenars, insisted that they effectually disproved this hy- 
pothesis. Nevertheless, in 1839, Sir James Boss made the same mis- 
take as D'Urville, and imfortunately obtained for it a wider circulation, 
, which seems, however, to have been almost altogether restricted to this 
country. Still, Boss's numerous observations, when viewed under cor- 
rection, ore of considerable value, though the author considers that some 
error has occasionally crept into that uniform reading, so often recorded, 
of exactly 39°'5. Both D*Urville and Boss wrote under the opinion that 
«ea-water, like fresh water, attained its maximum density at a tempera- 
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ture of between 39° and 40°,— a point that had been investigated and 
disproved by Marcet in 1819, approximately determined by Ermann in 
1822, and which was finally settled by Despretz, in 1837, at 26°-4 F. 

While the law of the decrease of temperature with the depth, in both 
the great oceans, to a point but little above the zero of Centigrade was 
being established, experiments had been carried on in polar seas showing, 
on the contrary, that the temperature at depths was higher than the 
average surface-temperature. The careful experiments of Scoresby and 
of Martins fully established this for the Arctic seas, and those of Boss, 
after correction, establish the same fact for the Antarctic Ocean. In 
one part, however, of the Arctic seas this rule has not been found to 
hold good ; for, in Baffin's Bay, the experiments of John Boss, Sabine, and 
Parry, at depths of from 600 to 6000 feet, agree in showing a decrease 
of temperature of from 30° t6 32° near the surface, to 29° and 28°-5 at 
the greatest depths attained. There are also two instances given of yet 
lower temperatures. 

Kor were observations wanting in inland seas. Those of Saussure, 
DlJrville, and Bdrard had indicated generally that, in the Mediterranean, 
the temperature decreased to a depth of about 1200 feet, after which it re- 
mained uniform at from 54° to 55° F. ; and, in 1844, Aijn^ instituted a series 
of experiments which resulted in showing that the diurnal influence ceased 
to be sensible at a depth of from 16 to 18 metres, and the annual variation 
at a depth of from 300 to 400 metres, below which the temperature 
remained constant at 12°*6 C. (54°'6) ; and this he showed to be the mean 
winter temperature of the area of the Mediterranean, over which his 
observations extended. These ob8er\'ations were confirmed, for the 
Eastern Mediterranean, by those of Admiral Spratt. His first experiments 
in the Grecian archipelago showed, at a depth of 1200 feet, a temperature 
of 54°'5 to 55° F., while the later ones, at greater depths in the open sea, 
give, after correction, a temperature of about 55°. In the Bed Sea, 
Captain Pullen found that while the surface-temperature varied from 77° 
to 86° R, it feU to 70° or 71° F. at 1200 to 1400 feet, below which 
it remained uniformly the same to the greatest depth he attained of 
4068 feet. Some curious results were obtained in 1803-6 by Dr. Homer 
in the Sea of Okhotsh. The surface-temperature was 46°-4 F. ; and the 
author finds (after correcting the original readings) at 360 feet a tempera- 
ture of 28°, and at 690 feet of 28°*6, which is almost exactly that determined 
by Despretz as the temperature of sea-water at the moment of congelation. 

The cause of the decrease of temperature with the depth in the great 
oceans was early investigated by physicists. Humboldt concluded that 
** the existence of these cold layers in low latitudes proves the existence 
of an undercurrent flowing from the poles to the equator." D'Aubuisson 
and Pouillet took the same view. D'Urville went further, and remarked 
that " it is rather a transport nearly in mass, and very slow, of the deep 
waters of high latitudes towards the equator," and that from his aone of 

Digitized byLjOOQlC 



18^4.] Temperatures of the Sea at various Depths. 4Gf 

40° to 60° lat. there are two insensible currents — a lower one towards 
the equator, and an upper one towards the poles. Arago saw no ofcher 
explanation than " the existence of submarine currents carrying to the 
equator the bottom waters of the icy seas." 

We are, however, indebted to Lenz for a full and philosophical review 
of the whole subject in 1847. After showing that all the facts proved the 
existence of a temperature of from 34° to 35° F. at depths in the tropical 
seas, and that this could only be maintained by a constant slow under^ 
current from the poles to the equator (which, on the other hand, must 
necessitate the transfer by an upper current of the equatorial waters to 
the poles), he proceeds to show by a series of observations, chiefly those 
of Kotzebue, and by a diagram, that a belt of cooler water existed at the 
equator, and that the temperature, at equal depths, was lower there 
than a few degrees to the north and south of it; and he concluded 
that this arose from the circumstance that the deep-seated polar waters 
there met and rose to the surface. As corroborating this view, he 
showed that the waters in the same zone were of lower specific gravity, 
a fact that had been before noticed by Humboldt. 

The author then proceeds to consider some " General Conclusions.** 
Some of these have now been better established by the more recent 
expeditions and by the researches of Dr. Carpenter. Taking, however, 
other areas, he shows that in the Arctic Ocean the bathymetrical isotherm 
of 35° is deepest on the west of Spitzbergen, while nearer Greenland and 
again nearer Norway the deep waters are colder. The several isothermal 
planes of 40°, 50°, 60°, 70°, and 80° are then traced southxi'ard, attaining 
their maximum depth between 50° and 40° lat., and rising thence towards 
the equator. Section No. 2, from Baffin's Bay to the equator, shows that 
the higher isotherms are not prolonged so far north as on the first line, 
and that the water at the bottom of the bay is colder than in the Spitz- 
bergen seas, approaching much nearer that of its maximum density and 
of its point of congelation ; whence he concludes that this is the main 
source of supply of the deep-seated cold waters in the Atlantic, which, 
after attaining their greatest depths between latitudes 40° to 50° N., 
are found 3000 to 4000 feet nearer the surface on approaching the 
equator. 

In the South Atlantic, the bathymetrical isotherms show lesser curves ; 
and while the isotherm of 40° crops out between the lat. of 50° and 55°, 
that of 35° is prolonged into high southern latitudes on a nearly uniform 
plane of 7000 to 8000 feet deep. 

In the Pacific, the sections show that, notwithstanding there is no 
appreciable polar current through Behring's Straits, the bathymetrical 
isotherms of 60°, 50°, and 45° do not extend so far north as in the 
Atlantic, while that of 35° is apparently not prolonged beyond 60° N. lat. 
As the presence of temperatures lower than those which prevail in 
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parallel latitudes in the Atlantic cannot be due to north polar waters, 
and seems more than could be maintained by local influences, the author 
concludes that the efEect may probably be due to waters from the Antarctic 
Ocean, of the presence of which the low temperatures at depths throughout 
the Pacific affords evidence, passing, in the absence of any counter flow, 
to the extremity of the North Pacific, where they are thrown upwards by 
the rising slopes of the ocean-bed, as on banks in open oceans. On the 
other hand, in the South Pacific the conditions seem very similar to those 
in the South Atlantic. The bathymetrical isotherms appear, however, to 
be prolonged further south than in the South Atlantic, which arises pos- 
sibly from the circumstance that as none, or comparatively none, of the 
warm equatorial water can pass into the Arctic Ocean, a larger proportion 
passes into the Antarctic seas. 

In the Southern and Indian Oceans the conditions seem analogous to 
those of the North Pacific, only they are more masked by the high surface- 
temperatures of the Arabian Gulf. 

The author agrees ^n the opinion which has been advanced of the 
flow over the ocean-bottom of cold undercurrents at and below 36®, one 
from the north and the other from the south pole to the equator, 
and of their rise in the equatorial regions of the Atlantic. They 
must, then, necessarily tend to disperse and escape into other areas ; but 
whether by a movement in mass of the upper strata, or by currents in 
more definite channels, or by both causes combined, remains to be proved 
by further research. He inclines to the latter view. He would suggest 
the question whether the Gulf-stream, together with others which seem to 
originate or acquire additional power in equatorial seas, such as the 
Guinea and Brazilian currents, may not receive either their initial start 
or be strengthened and maintained by the surging-up of the Arctic 
and Antarctic waters at the equator, while another portion of those 
waters may be deflected back in insensible currents to polar regions. 
In the same way some of the great currents of the North Pacific may 
arise. 

The paper concludes by a review of the other causes connected with 
these conditions, by a consideration of the normal isotherms of the polar 
regions, and by a comparison of the temperatures of inland seas, which 
are dependent on local climatal conditions, with those of the great oceans, 
which are subject to such vast distant influences ; and he directs attention 
to the important bearing which these questions of oceanic physics have 
on many geological problems. 
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XXIII. ''On the Sun-spot Period and the RainfalL'' 
By J, A. Broun, F.R.S, 

Having r^ with much interest Mr. Meldnun's communication to the 
Boyal Society on the apparent simultaneity of excess of rainfall and sun- 
spot area*, I have waited some confirmation of his conclusions from a 
more extensive induction. Mr. Hennessey's " Note '' in the Proceedings 
of the Society for April 1874 1 induces me to offer the following views 
and results to the Boyal Society. 

It is well known that the amount of rainfall is a very variable quan- 
tity in some countries and in certain positions, and that when there is 
a year of drought in one part of the world, there is frequently an excess 
of rain in another. Any investigation, then, which should be occupied 
with the average faU of rain over the earth's surface must be long and 
laborious, unless the variation to be dealt with is large and marked com- 
pared with others which must be considered purely accidental relatively 
to the sun's spots. In proof of this I may cite the rainfall at Mussoorie 
given by Mr. Hennessey J, where, as far as the sun-spot area is known, 
any result favourable to the connexion of the two phenomena depends 
wholly on the rainfall for 1861, which is upwards of 50 inches in excess 
of the mean. If this excess be not due to the great spot-area, then a 
long series of years' observations might be requisite to make the positive 
and negative errors destroy each other. 

It has been with the intention of determining what may be the effect 
of a given change of sun-spot area, ^^ithin a limited district, during a 
period favourable to the connexion of the two phenomena, that the fol- 
lowing discussions have been made. We can then say approximately 
within what limits the excess and deficiency of rainfall lie for the years 
of greatest and least spot-area, what amount of observations may be r^ 
quired to destroy accidental variations, and whether the result may en- 
courage more extensive research. 

Mr. Meldrum finds a mean difference of 8'5 inches of rain between the 
falls for the years of greatest and least spot-area § ; but this result is 
derived to some extent from short series of observations made in different 
parts of the world, and gives no weight to the rainfall in other years than 
those considered years of maximum or minimum sun-spots. 

Should there be any connexion betwixt the rainfall and spot-area, we 
may always in the first instance represent it approximately by an equa- 
tion of this form, 

AE=/AA, 

where Alt is the excess or deficiency of the rainfall from the mean, AA 

* Proceedings of the Royal Society, vol. xxi. p. 207. 
t Ihid. vol. xxii. p. 280.* 
} l^id. Tol. xxii. p. 2S7. 
§ Ibi'il. vol xxi. p tWX). 
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is the excess or defect of spot-area for the same period of time, and / is 
a constant to be deduced from the observations. 

Having obtained the mean spot-area for each year from 1832 to 1867, 
from Table VI L of the paper on this subject by Messrs. De La Rue, 
Stewart, and Loewy*, the mean for three periods of 11 years (1832 to 
1864) was found equal to 643 millionths of the sun's visible surface ; with 
this quantity the values of + A A (in millionths of the sun's surface) for 
each year were obtained. 

Mr. Meldrum's conclusion depends chiefly on observations during these 
periods in G-reat Britain ; and as he has deduced the rainfall for the first 
period of minimum spots from observations at three stations, G-reenwich, 
Carbeth (near Q-lasgow), and Aberdeen, I first examined the observations 
at these places together with simultaneous observations at Makerstoun 
for the two pericwis 1832 to 1853t. Applying the above equation to 
these observations, the following results were obtained : — 

Greenwich AR= -0-00092 AA ; 

Makerstoun ... .AR=— 0-00020 AA; 

Carbeth AE= +0-00158 AA-, 

Aberdeen AE= +0-00128 AA. 

Greenwich and Makerstoun are thus opposed to the conclusion, and 
Carbeth and Aberdeen are more strongly in its favour. It should be 
remarked, however, that the result for Aberdeen depends wholly on the 
rainfall given for that place in 1834 (12-3 in.) being exact. As it is 
12 inches less than the mean, while at the other three stations the defi- 
ciency is only from 0-6 in. at Greenwich and Makerstoun to 1-2 in. at 
Carbeth, this may be due to a leaky rain-gauge or to a clerical error of 
10 inches. In any case no great weight can be given to the conclusion 
from these four stations J. 

I now sought for an approximation to the mean fall of rain for Great 
Britain, and for this end have employed the quantities deduced by Mr. 
Symons from ten stations (British Association Report, 1865, p. 203 ; 
1871, p. 102). The differences of spot-area from the mean, in millionths 
of the sun's surface, and of the rainfall for each year are given in the 
following Table : — 

* Phil. Trans. 1870, p. 399. 

t The means for Makerstoun during the years 1832 to 1849 will be found in Trans. 
Roy. Soc. Edinb. vol. xix. pt^ ii. p. 108 ; the faUs for the other years are— 1850, 
21-49 in.; 1861, 2557 in. ; 1852, 32-20 in. ; 1853, 23*54 in. 

X It may here be noted that the sum of the plus and minus differences of R and the 
mean rainfall for the four stations during the twenty-two years were— 

Greenwich. Makerstoun. Carbeth. Aberdeen. 

MeanfaU 24-4 in. 26-2 in. 43-6 in. 24-2 in. 

Sums of AR 100-1 in. 67*8 in. 92-4 in. 943 in. 

It wiU be seen that the sums of differences hare no relation to the mean fall of rain. 
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Differences of Eainfall for Great Britain and of Sun-spot area for 
1832 to 1867. 



Year. 


AA. 


AB. 


Year. 


AA 




XT- 


AA. 


AK. 


{ Means. 


AxL i-^oar. 


AA. 


AR. 


1832. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1341. 
1842. 


-359 
-558 
-506 
+171 
+746 
+556 
+293 
+164 
-46 
-306 
-429 


in. 
-1-54 
+1-97* 
-3-22 
+0-82 
+5-75 
-3-20* 
-0-63» 
+3-53 
-307 
+6-77# 
-2-21 


1843. 

1844. 

1845. 

1846. 

1847. 

1848. 
11849. 

1850. 
11851. 
! 1852. 
|1853. 


-540 
-465 
-232 

- 5 
+469 
+395 
+203 
-123 
+ 40 

- 92 
-253 


in. 
+2-66* 
-4-02 
+013» 
+l-83# 
-l-94# 
+8-24 
+0-77 
-1-39 
-l-04# 
+7-79» 
-0-36 


1854. 

1855. 

1856. 

1857. 

1858. 

1859. 

1860. 

1861. 

1862. 

1863. 

1864. 
11865. 

1866. 
|1867. 


in. 
-601 -5-36 
-566' -4-47 
-619 -1-85 
-428 -2-04 
+177 -4-95« 
+756 +0-79 
+656 +5-60 
+659 -0-76# 
+530 +2-63 
- 15 -0-81 
+245 -563* 
-187 +l-90» 
-342 +3-26* 
-468 +0-70» 


1 in. 
-467 -1-41 

'-540 -217 
-452 -1-64 
- 87 +0-20 

1+444 -0-38 

1+669 +1-94 
+384 +1-91 

:+267 +0-46 
+174 -049 
-138 +4-26 
-146 -2-73 
-409 -0-27 

^-458 -1-74 

j-440 -0-34 



If we seek the value of / for the mean of the three periods of eleven 
years commencing 1832 and 1835, we find the following equations : — 

1832 to 1864 AR= + 0-0019 AA ; 

1835 to 1867 AE= +0;0011 AA. 

These results, then, are, as we expected, in conformity with Mr. Mel- 
drum's conclusion ; so that if we compare the year of largest with that of 
smallest spot-area, the difference of rainfall should amount to 2-61 in. by 
the first and to 1*51 in. by the second value of/. If we take the mean 
spot-area for the years 1834, 1844, 1856, and 1866, and for 1836, 1848, 
and 1861, we find that the mean difference of rainfall for these years 
should be 2'06 in. by the first and 1*20 in. by the second value of /, in- 
stead of 8*45 in. as found by Mr. Meldrum. 

It will be seen also that the greatest mean difference of rainfall is that 
for the years 1841, 1852, and 1863, and this was an excq^s of rain for 
years of spot-area deficiency ; were another such opposite difference to 
present itself, it would neutralize the conclusion derived from these 
means. It should also be observed that while the first and third periods 
of eleven years are in favour of the connexion, the second (1843 to 1853) 
is opposed to it (this is also the case for the eleven years 1857 to 1867). 

It will be seen, then, that from this discussion a probable difference of 
about 2 inches of rain may be expected betwixt years of greatest and 
least spot-area. 

This result is derived from observations at ten stations, distributed 
over a very small patch of the earth's surface ; and it is evident that for 
any serious investigation a much larger series of observations represent- 
ing the rainfall over a great extent of country would be essential. 

* Indicates opposite signs of AA and AB. 
TOL. xxn. 2 X 
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I now examined observations made at difEerent stations in India ; but 
this examination showed the extreme difficulty of obtaining a satisfactory 
result, either way, from a few stations in that country, when, in certain 
years, the accidental excess of rainfall at some of the stations may be 
40 inches, even though deficiencies at some stations may diminish the 
amount of the error. 

Erom my own experience of rainfall on the Indian ghats, I should 
doubt that a mountain-station, such as Mussoorie, is well fitted to be 
employed in this discussion. If a siQgle station could be taken to repre- 
sent any tract of country, it ought to be onei least liable to local causes of 
variation. Among the mountains a slight change in the average direc- 
tion of the wind will cause great difEerences in the rainfall at stations 
but little distant from each other, and to eliminate accidental variations 
of 40 or 80 inches would require observations during a very long series 
of years. 

The following Table will, however, show the quantities which may have 
to be dealt with at an Indian hill-station t : — 



Values of AE for Mahabuleshwar, 4500 feet above the sea, with the 
corresponding values of AA. 



Tear. 


AA. 


AB. 


Year. 


A A. 


AR. 


1832. 


-359 


m. 
-26-1 


1843. 


-540 


in. 
+32-7* 


1833. 


-658 


-49-3 


1844. 


-466 


+ 9-3» 


1834. 


-606 


+44-3* 


1845. 


-232 


- 31 


1836. 


+ 171 


-26-3* 


1846. 


- 6 


+35-3* 


1836. 


+746 


- 9-4» 


1847. 


+469 


-34-2» 


1837. 


+656 


+ 14-8 


1848. 


+ 395 


- 8-0* 


1838. 


+ 293 


-72-8* 


1849. 


+203 


+ 85-4 


1839. 


+ 164 


-19-8* 








1840. 


- 46 


+31-4* 








1841. 


-306 


+28-0* 








1842. 


-429 


+61-9* 









From this Table we derive the equation 

AE=— 0-02in.AA, 
or that 26 inches more rain falls for the year of least than for that of 
greatest spot-area. The examination of many series of observations has 
shown how difficult it will be to arrive at a conclusion for a quantity so 
small as 2 inches of rain. 

It is evident that a larger tract of country than G-reat Britain should 
be chosen, and the approximate rainfall be deduced from the greatest 

t For the rainfall at Mahabuleahwar, see Colonel Sjkea'B paper on Indian obstora- 
tions. Phil. Trans. 1850, p. 367. The mean fall is 253*0 inches. 
Indicates opposite signs of AA and ^. 
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possible number of stations. G-ennany and France may give sufficient 
data for such a trial. Were the result well marked, there would be 
reason to seek for its confirmation in other countries ; but to undertake 
this labour, better grounds, I think, must be found than I have hitherto 
been able to obtain. The admirable series of observations which Mr. 
Symons is obtaining will suffice for the future, as for the past, ten years 
to give a very near approximation to the excess or deficiency of rainfall 
in Great Britain. 



XXIV. ^^ On the Mechanism of Stromboli.^' By Robert Mallet, 
M.A., F.R.S. Received May 17, 1874*, 



The Society then adjourned over the Long Vacation, to Thursday, 
November 19. 
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* This Paper will appear in No. 155. 
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1874. The Society. 
Linnean Society. Journal. Botany. Vol. XIV. No. 76. 8vo. 1874. 

Proceedings. March, April 1874. 8vo. The Society. 

London Institution. Journal. Vol. III. No. 21. 8vo. 1873. 

The Society. 

Meteorological Society. Quarterly Journal. New Series. Vol. II. 

No. 10. 8vo. 1874. The Society. 

Odontological Society. Transactions. Vol. VI. No. 3-7. 8vo. 1874. 

The Society. 

Pharmaceutical Society. Pharmaceutical Journal and Transactions. 

No. 200-207. 8vo. 1874. The Society. 

Photographic Society. Photographic Journal. No. 243-250. 8vo. 

1873-74. The Society. 

Quekett Microscopical Club. Journal. No. 26. 8vo. 1874. 

The Gub. 
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Transactions (continued). 

Eoyal Asiatic Society. Journal. New Series. Vol. VII. Parti. Svo. 

1874. The Society. 

Eoyal Astronomical Society. Monthly Notices. Vol. XXXTV. 

No. 6-7. Svo. 1874. The Society. 

Boyal Geographical Society. Proceedings. Vol. XVIII. No. 1, 2. 

8vo. 1874. The Society. 

Eoyal Institute of British Architects. Sessional Papers, 1872-73, 

No. 13, 14; 1873-74, No. 1-10. list of Members, 1873. 4to. 

The Institute. 
Eoyal Medical and Chirurgical Society. Proceedings. Vol.VII. No. 5. 
8vo. 1874. Additions to the Library. No. 16. 8vo. The Society. 
Eoyal United Service Institution. Journal. Vol. XVIII. No. 76. 
8vo. 1874. The Institution. 

Society of Arts. Journal. June to Dec. 1873 ; Jan. to June 1874. 
roy. 8vo. The Society. 

Victoria Institute. Journal of the Transactions. Vol. VII. No. 28, 
8vo. 1873. The Eules of Evidence as applicable to the Credibility 
of History, by W. Forsyth. 8vo. 1874. The Institute. 

Manchester : — Q-eological Society. Transactions. Vol. XITI. Part 1, 
2, 4. 8vo. 1873-74. The Society. 

Literary and Philosophical Society. Proceedings. Vol. XIII. No. 11. 
8vo. 1874. The Society. 

Mauritius : — ^Meteorplogical Society. Monthly Notices. 1872, Oct. 10, 
Dec. 5; 1873, Jan. 16, Feb. 13, July 31. folio. Eesults of Me- 
teorological Observations taken in 1872. folio. The Society. 
Melbourne : — Eoyal Society of Victoria. Transactions and Proceed- 
ings. Vol. X. 8vo. 1874. The Society. 
Milan : — Sodetlt Italiana di Scienase Naturali. Atti. Vol. XV. fasc. 2, 
8vo. 1872. The Society. 
Moscow : — Soci^t^ Imp^riale des Naturalistes. Bulletin. Ann^ 1873. 
No. 3. 8vo. 1874. The Society. 
Neuchatel : — Society des Sciences Naturelles. Bulletin. Tome IX. 8vo. 
1873. The Society. 
Newcastle-upon-Tyne i — Giemical Society. Proceedings. Part 4. 
pp. 161-204. 8vo. 1873-74. • The Society. 
Iron and Steel Institute. Journal. 1873. Vol. I. No. 2. Svo. 

The Institute. 

Oxford : — Ashmolean Society. In Memoriam John Phillips, F.E.S. 

8vo. Oxford 1874. The Society. 

Paris : — Academic des Sciences. Comptes Eendus hebdomadaires des 

Stances. June to December 1873 ; January to June 1874. 4to. 

The Academy. 

Soci^te de TEncouragement pour Tlndustrie Nationale. Bulletin. 

July to Dec. 1873 ; Jan. to June 1874. 4to. The Society. 
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Transactions (continued). 

Vienna : — Anthropologische Gesellschaft. Mittheilungen. Band IV. 

Nr. 1, 2. 8vo. Wien 1874. The Society. 

Kaiserliche Akademie der Wissenschaften. Anzeiger. Jahrg. 1874. 

Nr. 1-14. 8vo. The Academy. 

K. k. Geologische Eeichsanstalt. Jahrbuch. Jahrg. 1874. Nr. 1. 

roy. 8vo. Verhandlungen. 1874. Nr. 1-6. roy. 8vo. 

The Institution. 

Osterreichische Q-esellschaft f iir Meteorologie. Zeitschrift. Band IX. 

Nr. 6-12. roy. 8vo. 1874. The Society. 

Warwick : — Warwickshire Natural History and Archaeological Society. 

Thirty-seventh Annual Eeport. 8vo. 1873. The Society. 



Koports, Observations, Ac. 

Berlin : — Kaiserliche Admiralitat, Hydrographische Bureau. Die 
Orundlagen der Gtiussischen Theorie und die Erscheinungen des 
Erdmagnetismus im Jahre 1829, von A.Erman und H. Petersen. 
4to. 1874. The Gennan Admiralty. 

Ergebnisse der Beobachtungsstationen an den deutschen Kiisten 
iiber die physikalischen Eigenschaft^n der Ostsee und Nordsee 
und die Fischerei, 1873. Heft 1-6. 4to. 1874. Tafeln, von G. 
Karsten. 8vo, Kiel 1874. The German Commission. 

Boston, U.S. :— Public Library. Bulletin. No. 19-27. roy. 8vo. 1871- 
73. The Library. 

Calcutta: — Vital Statistics of the Bengal Presidency, by Br. J. L. 
Bryden. 3 vols, folio. 1871-74 (2 copies). 

The Sanitary Commission. 

Cronstadt : — Compass Observatory. Morskoi Sbomik (Marine Collec- 
tions). 1873, No. 3-12 ; 1874, No. 1-4. 8vo. St. Petersburg. 

The Observatory. 

Dublin :— Weekly Eetums of Births and Deaths. Vol.X. No. 25-44, 
46-63 ; Vol. XI. No. 1-6, 8, 9, 11-23. 8vo. 1873-74. Quar- 
terly Eetums. No. 37-41. 8vo. 1873-74. 

The Eegistrar-General of Ireland. 

Giessen : — TJniversitat. Theses by L. Boehme, H. Braun, B. Hasert, 
A. Laubenheimer, L. Lemcke, E. Luebbert, A. Streng. 8vo & 4to. 
1872-73. The University. 

London: — British Museum. Guide to Felix Slade's Collection of 
Prints. 12mo. 1874. Guide to the Graeco-Boman Sculptures. 
12mo. 1874. Guide to the First and Second Egyptian Booms. 
12mo. 1874. The Trustees. 

Melbourne : — Begistrar-General's Office. Patents and Patentees. 
Vol. I. to VI. 4to. 1873. Abstracts. Vol. I., II. Abstracts of 
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Beports, Observations, &c. (continued). 

Specifications relating to Preservation of Food. 8vo. 1870. Sta- 
tistical Tables. The Eegistrar-Q-eneral of Victoria. 

Milan : — ^Seale Osservatorio di Brera. Pubblicazioni. No. 3. 4to. 1873. 

The Observatory. 

Paris : — 6cole des Mines. Annales des Mines. 7* S^rie. Tome V. 

Hv. 1 de 1874. 8vo. The ficole. 

Bulletin de Statistique Municipale. Sept., Oct., Nov. 1872 ; Jan. to 

June 1873. 4to. The Prefect of the Seine. 

Eome : — Osservatorio del Collegio Bomano. Bullettino Meteorologico. 
Vol. Xn. No. 6-12 ; Vol. Xin. No. 2-4. 4to. 1873-74. 

The Observatory. 

Twickenham : — Mr. Bishop's Observatory. Astronomical Miscellanea. 
No. 1. roy. 8yo. Richmond 1873. Views and Descriptions, roj. 
8vo. George Bishop, Esq. 

San Fernando : — Observatorio de Marina. Anales. Seccion 2*. Ob- 
servaciones Meteorologicas ano 1872. fol. 1873. 

The Observatory. 

St. Petersburg : — Physikalische Centralobservatorium. Annalen von 
H. Wild. Jahrgang 1872. 4to. 1873. Jahresbericht fiir 1871 
und 1872. 4to. 1873. Eepertorium fiir Meteorologie. Band III. 
4to. 1874. The Observatory. 

Versailles : — Ponts et Chaussees. Service Hydrometrique du Bassin 
de la Seine. B^sum^ des Observations Gentralis^es pendant les 
Annees 1869-70, 1871-72. 8vo. 1872-73. Observations sur les 
Cours d'Eau et la Pluie Centralis^es pendant TAnnee 187?, 
par Belgrand et G*. Lemoine. folio. 

The Minister of Public Workp. 

Washington : — Bureau of Navigation. Tables of Venus, by G. W. 
Hill. 4to. 1873. The Bureau. 

Wellington : — ^New-Zealand Institute. Fifth Annual Beport. folio. 
1873. The Institute. 



Journals. . 
American Journal of Science and Arts. Vol. VII. No. 40. 8vo. 

New Haven 1874. The Editors. 

AthensBum. June to December 1873 ; January to June 1874. 4to. 

London. The Editor. 

Builder. June to December 1873 ; January to June 1874. folio. 

London, The Editor. 

Bullettino di Bibliografiaedi StoriadeUe Scienze Matematiche e Fisiche, 

pubblicato da B. Boncompagni. June to December 1873 ; January 

1874. 4to. Roma, The Editor. 

CSiemical News. June to December 1873 ; January to June 1874. 

4to. London, The Editor. 
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Journals (eantinued). 
Educatioxutl Times. July to December 1873 ; January to June 1874. 

4to. London. The Editor. 

Engineer. June to December 1873; January to June 1874. folio. 

London. The Editor. 

Mondes (Les). January to June 1874. 8vo. Paris. The Editor. 

Nature. June to December 1873 ; January to June 1874. roy. 8vo. 

London. The Editor. 

Nautical Magazine. May to June 1874. 8yo. The Editor. 

New York Medical Journal. Vol. XIX. No. 4-6. 8vo. New Fork 

1874. The Editor. 

Notes and Queries. June lo December 1873; January to June 1874. 

4to. London. 
Philosophical Magazine. July to December 1873 ; January to June 

1874. 8vo. London. W. Francis, Es4. 

Popular Science Eeview. No. 48-51. 8vo. London 1873-74. 

The Editor. 
Quarterly Journal of Science. No. 39-42. 8vo. London 1873-74. 

The Editor. 
Eevue Politique et Litt^raire. June to Dec. 1873 ; Jan. to June 1874. 

4to. Paris. The Editors. 

Eevue Soientifique. June to Dec. 1873 ; Jan. to June 1874. 4to. Paris. 

The Editors. 
Symons's Monthly Meteorological Magazine. March to June 1874. 

8vo. London. The Editor. 

Zeitschrift fiir Biologie. Band X. Heft 1. 8vo. Munch&n 1874. 

The Editors. 



Brine (P. J.) Copy of a Letter to the Astronomer fioyal and the Hy- 
drographer to the Admiralty, touching the Transit of Venus. 12mo. 
1874. The Author. 

Gialdi (A.) Sul Moto ondoso del Mare. Giudizio dato dal Merrifield. 
8vo. Eoma 1873. Commendatore Cialdi. 

Cope (E. D.) The Monster of Mammoth Buttes. 8vo. Philadelphia 
1873. The Author. 

Dewalque (O.) Description du syst^me houiller du bassin de Li^e. 
8vo. Brwelles 1873. The Author. 

Edlund (E.) Throne des Ph^nom^nes l^lectriques. 4to. Stockholm 1874. 

The Author. 

Eeden (F. W. van) Flora Batava. Aflevering 222-224. 4to. Leyden. 

II.M. the King of the Netherlands. 

Gkwaltney (E.) New Theory of Comets, with Objections to the New- 
tonian Theory, 8vo. The Author. 
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Hogg ( Jabez) The Pathological relations of the Diphtheritic Membrane 
and the Croupous Oast. 8vo. London 1873. The Author, 

Lartet (E.) and H. Christy. EeliquiaB Aquitanic», edited by T. Eupert 
Jones, F.E.S. Part 14. 4to. 1873. 

The Executors of the late H. Christy, Esq. 

Lea (Isaac) Notes on Microscopical Crystals included in some Minerals 
Ac. 8vo. Philadelphia 1874. The Author. 

M'Cosh (J.) On a new Floating Breakwater. 8vo. London 1874. 

The Author. 

Menabrea (L. F.) Tin' ultima Lettera sulle Peripezie della Serie di La- 
grange. 4to. Eoma 1874, The Author. 

OmaUus d'Halloy (J. J.) Sur le Transfonnisme. 8vo. Bruxelles 1873. 

The Author. 

Pablos y Sancho )Jos^ de) Memoria de la Cuadratura del Oirculo. 4to. 
Manilla 1872-73. Memoria del nuevo procedimiento para hallar 
la Eaiz Cuadrada a toda Cantidad. 4to. Binondo 1873. 

The Author. 

Pittei (0.) Eicordo del Prof. G. B. Donati. 8vo. Firenze 1873. 

The Authc». 

Poey (A.) Eapports entre les taches solaires, les tremblements de terre 
aux Antilles et au Mexique et les eruptions volcaniques sur tout le 
Globe. 4to. Paris 1874. The Author. 

Eysselberghe (F. van) Notice sur un Syst^me M^teorographique Uni- 
versel. 8vo. Bruxelles 1873. The Author. 

Schiaparelli (G. V.) Sul Calcolo di Laplace intomo alia probability 
delle Orbite Cometarie Iperboliche. 8vo. Milano 1874. 

The Author. 

Schrauf (A.) und E. Dana. Notiz uber die thermoelektrischen Eigen- 
schaften von Mineral varietaten. 8vo. Wien 1874. The Authors. 

Settimanni (0.) Supplement k la Nouvelle Th^orie des prindpaux 
elements de la Lune et du Soleil. 4to. Florence 1874. 

The Author. 

Waterhouse (J.), F.E.S. Eight Tears' Meteorology of Halifax, being a 
Eecord of Observations taken at Well Head during the years 1866 
to 1873 inclusive. 4to. Halifax 1874. The Author. 
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'^ On the Absorption of Carbonic Acid ^by Saline Solutions/^ 
By J. Y. BucpANAN^ Chemist on board H.M.S. ' Challenger.' 
Communicated by Professor A, W.Williamson, For, Sec. R.S. 
Received December 11, 1873 *. 

In the examination of sea-water, whether it be regarded from a chemical 
or from a zoological point of view, the determination of and the varia- 
tions in the amount of carbonic acid in different parts of ocean must 
always be an object of importance. This is more especially so when a 
parallel series of observations on the quantity of oxygen present is 
carried out. At the surface we should expect to find the quantities of 
these gases foUowing the law of partial pressures ; at greater depths, 
however, where the water for long periods only comes in contact with 
water, we should expect to find the quantity of oxygen decreasing and 
that of carbonic add increasing with the amount of animal life. The in- 
vestigation from this point of view of the bottom-water, at greater and 
smaller depths, presents perhaps a more interesting field of observation 
than that of intermediate depths. Down to nearly 2000 fathoms life is 
still abundant ; below this depth, however, the amount rapidly decreases 
till, at about 2800 fathoms, it is, for carbonic-acid producing purposes, 
practically extinct. We have, then, to settle the variation of the car- 
bonic acid with latitude and longitude, with depth, with nature of bottom, 
.and with nature of atmosphere. 

In order to solve these problems, it is before all necessary to have a 
reliable method for the determination of the carbonic acid. For the 
discovery of a cause of error in the old method, and for the invention 
of a new one, we are indebted to Dr. Jacobsen, of Kiel. Dr. Jacobsen 
found that sea-water could not, as had been till then assumed, be 
thoroughly freed irom its dissolved carbonic add by merely boiling in 
vacuo f. He found that it was necessary to boil down almost to dryness 
before the last traces of carbonic add could be expelled. Being parti- 
cularly interested in the matter, I immediately commenced a series of 
experiments to determine, if possible, the salt or salts to which sea-water 
owes this peculiar property. A short resume of the results of these ex- 
periments have been published as an appendix to Professor Wyville 
Thomson's * Depths of the Sea.' 

I purpose here to give a detailed account of the experiments performed. 
They consisted of two series — the one analytical, the other synthetical. 
In the former I was ably assisted by Mr. George Macdougald, in the latter 
by Mr. Robert Romanes, junior assistant in Professor Crum Brown's 

* Bead February 19, 1874. See anti, p. 192. 

t Dr. Andrews informs me that he had obserred a Bimilar phenomenon when at- 
tempting to determine the amount of atmospheric gases in sea-water, by boiling it in 
the Torricellian Tacuom after th« manner of yapoor-density determinations. 

VOL. xxn. 2 p 
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laboratory in the University of Edinburgh, and I gladly avail myself of 
this opportunity to thank them both. 

The analyti^ series consisted of experiments on solutions of the 
different salts saturated with carbonic add. A certain quantity of each 
was distilled almost to dryness, the steam being condensed in an ordinary 
liebig's condenser, to which was fitted a tubulated receiver, having a 
bulbed Y-tube attached containing baryta-water. The distillation was 
interrupted and the baryta-water changed after the passage of every 
eighth of the distillate, the amount of carbonic acid passed being roughly 
estimated by the apparent turbidity of the baryta- water. The object of 
these experiments being to find out which of a number of saline solutions 
had the property of retaining carbcmio add, and to ascertain roughly what 
length of time one must boil in order thoroughly to expel it, an accurate 
determination of the carbonic add actually passing during the intervals 
would have been superfluous. Besides these, a number of quautitative 
determinationB were made of the amount of carbonic add actually 
absorbed by different solutions. 

The synthetical series consisted of experiments for the determination 
of the absorption-<x)efELdents of two solutions — the one of sulphate of 
magnesia, the other of sulphate of lime. 

Let us take the analytical series first. As before remarked, it is sub- 
divided into two sets, which we shall treat in their order. In the one 
observations were made on the elimination of the carbonic add as the 
distillation proceeded ; in the other an attempt was made to determine 
how much carbonic add, in a saline solution saturated with the gas, was 
actually retained or bound, or at least kept from freely exercising its 
properties as a gas, by the presence of the salt in the solution. 

First ExptrifMnt. — ^In order to have a certain standard of comparison 
in judging the retardation caused by salts in the escape of carbonic add 
from solutions on boiling, distilled water was saturated with the gas and 
distilled in the manner indicated above. During the passage of ihe first 
dghth of distillate the gas evolution was of course abundant, during the 
second a perceptible quantity passed, after which no more could be de- 
tected. It may be assumed, then, that, in the experiments which followed, 
the carbonic add held simply in solution by the water passes ahnoet 
entirely in the first eighth part of the distillate, and that whatever 
passes afterwards has been retained, in some way or other, by the salt 
in solution. In conducting these experiments no baryta-water was 
put in the receiver itself, but only in the Y-tube. The water collected 
was always tested with baryta-water, and with the general result that 
in the first fraction carbonic add was present in abundance, while in 
the latter ones there was rarely a trace to be detected. That the dis- 
tillate consisting of pure water should contain not a trace of the gas, 
whose presence in the atmosphere above it is attested by the predpitate 
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in the exit-tube, showB that, at feeble pressures, the solution of carbonic 
acid requires considerable time for its completion. 

Second Eaoperiment. — ^A chloride-of-sodium solution containing 2 per 
cent. Na CH had a strong stream of CO, passed through it for about ten 
minutes and was then distilled. During the passage of the second* 
eighth there was still a considerable quantity, during that of the third a 
very slight trace, and after that none. 

Third Expenmenit, — ^A chloride-of-magnesinm solution containing 0*25 
per cent. Mg Gl, was treated in the same way as the chloride-of-sodium 
solution, when the whole of the GO, passed in the first fraction. 

Fourth Experiment. — ^A solution containing 4 per cent. MgCl^and 10 
per cent. Na Gl was saturated with GO, and allowed to stand in a closed 
vessel OTer night. On distilling, it was found that carbonic acid con- 
tinued to be given ofE in perceptible but gradually decreasing quantities 
until the end. 

Fifth Experiment. — ^For this and the three foUowing experiments a 
solution containing 12*3 grammes crystallized sulphate of magnesia (in 
a litre?) was used. Garbonic add was passed through some of this 
solution for about 10 minutes, and the liquid allowed to stand in a 
closed vessel over night. On distillation there passed during the second 
fraction very little, during the third and fourth fractions decidedly 
more, during the fifth again much less, and afterwards, to the end, slight 
but perceptible traces of carbonic acid. 

Sixth Experiment. — ^The solution was heated to nearly boiling, and GO, 
passed into it until it was cold, the whole being allowed to stand over 
night. During the passage of the second, third, fourth, and fifth frac- 
tions, the amount of gas was about constant and small. It increased 
greatly during the sixth, falling away again during the seventh. 

Seventh Experiment. — The conditions were exactiy the same as those 
of the fifth experiment ; and the results in the two cases agreed well with 
each other, the amount of gas coming off increasing slightly about the 
middle of the operation. In order to see if the rise of temperature con- 
sequent on concentration had any thing to do with the phenomena under 
consideration, a thermometer was immersed in the boiling liquid. It read 
at the end of the second, third, fourth, and fifth fractions 102°-5, 102°-0, 
103°, and 103°-2 respectively. 

Eighth Experiment. — ^The conditions were the same as in the last» 
only that the solution stood two days before distillation. In the re- 
sults there was this peculiarity, that in the fourth fraction the car- 
bonic add disappeared altogether, reappearing, however, again in the 
fifth. 

* It 18 unneceBsary in tbe cases where no means were taken to free the solution 
from simply dissolred carbonic acid to repeat in each one that the first fWiotion con- 
tained abandanoe. 

2p2 
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Ninth Experiment. — Sea-water from the !Pirth of Porth was distilled. 
Here, as in the case of the sulphate of magnesia, the amount coming off 
increased about the middle, falling away again in the fifth fraction. In 
the sixth, howcTer, it experienced a slight increase, falling off again 
towards the end of the operation. 

Prom these experiments we may conclude that, alone and in the 
degree of concentration in which tdiey occur in the sea, the two most 
abundant salts, namely chloride of magnesium and chloride 6t sodium, 
exercise no retarding influence on the liberation of carbonic acid oin boil- 
ing. When mixed, however, as in the fourth experiment, they appear 
to have this effect. Whether, if sufficiently diluted to represent sea- 
water, they would continue to do so I was unable to ascertain, as the 
investigation of the sulphates occupied all the time at my disposal. It 
is further evident that, in the sulphate-of-magnesia solution experimented 
on, we have a solution which behaves towards carbonic acid in the same 
way as sea-water. 

Let us pass now to the second set of the analytical series — ^namely, the 
estimation of the amount of carbonic acid retained in consequence of the 
presence of the salts in question. The apparatus used was the same as 
that in the last set, baryta-water^ being contained both in the receiver 
and in the V-tube. 

Experiments were made on solutions of sulphate of magnesia, of sul- 
phate of magnesia and chloride of sodium, and of sulphate of lime, to 
which were added some on sea-water itself. In every experiment the 
quantity of solution operated on was 300 c. c. The carbonic add 
coming off was retained by baryta-water of known strength, the re- 
maining free baryta being afterwards determined by means of oxalic 
acid. Eosolic acid was used to determine the point of neutralization. 
The oxaUc acid was rather stronger than tenth-normal; it contained 
6-478 grms. CjjHjO^+aHaO in the litre, which is equivalent to 2-259 
grms. carbonic acid. 1000 c. c. baryta-water required 3235 c. c. oxalic 
acid for neutralization. 

The method of conducting the operation was as follows : — Carbonic 
acid was passed through the solution until it could be assumed to be 
saturated. Six to seven litres of air were then drawn through it -cold, 
after which it was heated to boiling, and allowed to boil for from two to 
three minutes in a current of air. The receiver with the baryta-solution 
was then attached, and the distillation continued in a stream of air, 
until the contents of the flask were nearly dry. The baryta-water then 
remaining unneutralized was titrated, and from it the amount of carb<»uc 
acid ascertained. 

Experiment on sulphatd-cf-Tnagnesia solution containing 12-3 grammes 
crystallized salt per litre. — ^As all were conducted in precisely the same 
way, it will be sufficient to give the results in a tabular form. The first 
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three experiments were made with portions of one and the same solu- 
tion; for the last two a fresh solution (prepared, to all appearance, 
in exactly the same way as the previous one) was used. The differ- 
ence in the results obtained show the precarious nature of the com- 
bination: — 



Volume 

of aolntioix 

used. 


Volume 
of baryta- 
water. 


Volume 

of oxalic 

acid. 


Grammea 

carbonic acid 

in 300 c. c. 


Grammea 

carbonic acid 

in 1 Htre. 


300 0.C 
300 „ 
300 „ 
300 „ 
300 „ 


25c.c, 
10 „ 
10 „ 
15 H 
10 „ 


78-96 a c. 
30O „ 
30-9 ., 
47-5 „ 
31-32 „ 


00043 
00053 
00033 
0O023 
0O023 


0-0143 
0O165 
00110 
0-0077 
00077 



Two experiments were made with a solution prepared as follows : — 
The quantity of sulphuric acid necessary for the formation of 12*3 
grammes crystallized sulphate of magnesia was diluted to a litre, and 
pulverized carbonate of magnesia suspended in it. Although iiie mixture 
was allowed to stand oyer night, shut off from the influence of the 
atmosphere, the solution was still exceedingly add. It is well known 
that carbonate of magnesia is difficultly soluble in cold dilute acids. To 
have heated the solution would have frustrated the object of the experi- 
ment, which was, by bringing nascent sulphate of magnesia together 
with nascent carbonic acid at ordinary temperatures, to give them the 
best opportunity of combining. 

Two experiments were made with a similarly prepared solution of sul- 
phate of lime. In this case sulphuric acid was added to the water in 
quantity sufficient to form, with lime, more salt than was necessary for 
the production of a saturated solution of gypsum. Here neutralization 
took place without difficulty, and, as might have been expected, the 
amount of carbonic acid formed was considerably greater than in the 
case of the magnesia salt. 

Two experiments were made with an ordinary sulphate-of-magnesia 
solution containing 2*05 grammes crystallized salt per Htre. 

Two further experiments were made with a solution containing 2*05 
grammes sulphate of magnesia and 20 grammes chloride of sodium per 
litre. All were conducted in the way described above, and the results are 
given in the following Table. The experiments with the carbonates of 
magnesia and lime were made at a considerably later date than the 
others ; the value of 10 c. c. baryta-water had in consequence become 
equivalent to 32 c. c. instead of 32*34 c. c. oxalic acid. 
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Nature 

of 
solution. 


Volume 

of solution 

used. 


Volume 
of baryta- 
water. 


Volume 

of oxalic 

acid. 


Grammes 

carbonic acid 

in300o.c. 


Grammes 

carbonic acid 

in 1 litre. 


MgCOa f 

hJso, t 


300 0.C. 


10 c. c. 


30-6 CO. 


00032 


0-0107 


300 ,. 


10 „ 


30-9 ., 


0-0026 


0-0083 


ObCX), f 


800 „ 


10 „ 


27-5 ,. 


0-1014 


0-3380 


300 „ 


10 „ 


27-5 „ 


01014 


0-3380 


205 grms. { 

Mg:S04+7H,0-^ 

per litre, V 


300 .. 
300 „ 


10 „ 
10 ,. 


31-2 „ 
31-3 „ 


00026 
00023 


00087 
0-0077 


MgS04+7H,0 
NaOl 


300 „ 


10 „ 


31-6 „ 


0-0016 


0-0053 


300 „ 


10 „ 


81-4 „ 


0-0021 


0-0070 



rive experiments were made with sea-water taken at the end of 
Portobello Pier, on the Firth of Forth. In the first three it was sub- 
mitted immediately to the same treatment as the saline solutions ; in the 
last two carbonic acid was first passed through it for some time. As the 
results given in the following Table are identical, it is evident that, in 
its natural state, the water in question was saturated with carbonic acid 
in this peculiar state of combination. 

Experiments on Sea-water. 



Volume 

of water 

used. 


Volume 
of baryta- 
water. 


Volume 

of oxalic 

acid. 


Grammcfl 

carbonic acid 

in300o.c. 


Grammes 

carbonic acid 

in 1 litre. 


300 0.0. 


15 0. c. 


39 75C.C. 


00198 


00660 


300 „ 


10 „ 


23-0 „ 


a0211 


00703 


300 „ 


10 „ 


2315 .. 


00208 


00693 


800 „ 


10 ., 


23-34 „ 


0-0203 


00677 


300 „ 


10 „ 


23-34 „ 


0-0203 


0-0677 



Subsequent experiments made at sea, on water from mid-ocean and 
from various depths, have shown me that the above quantities are very 
much in excess of the quantities usually contained in ocean-water. From 
the large quantity of organic matter poured into the Forth, not far from 
Portobello, there must be an abundant production of carbonic acid in the 
water itself, and we have seen above the effect of bringing sulphate of lime 
and carbonic together in the nascent state. Sea-water contains, on an 
average, about 8 parts sulphate of lime in 10,000. A saturated solution 
of the same salt in distilled water contains at 15° C. 24 parts in 10,000. 
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TJnder the most favourable circumstances, then, one would expect soar- 
water to bind about one third of the quantity retained by an equal 
volume of sulphate-of-lime solution. We have seen that a litre of this 
solution is capable of retaining 0*338 grm. CO^^, while the same volume 
of searwater contained only 0*07 gnn., or considerably lees than the third 
of that held by the sulphate of lime. In ocean-water I have never yet 
found more than 0*064 grm. CO, per litre, including both the simply 
dissolved and the half hound. We have, then, in the sulphate of lime alone, 
an agent capable of retaining much more carbonic acid than is usually 
found to exist in sea-water. Besides this there is also, at least, the sulphate 
of magnesia possessing this property. How much it would be capable of 
absorbing if the carbonic add were presented in a nascent state in a 
neutral solution we do not know ; it would be interesting to determine 
the amount of carbonic acid retained by a sulphate-of-magnesia solution 
in which organic matter had been allowed to decay. 

The practical conclusion to be drawn from the preceding experiments 
is that, as the carbonic add is retained by the presence of certain sul- 
phates, the gas will be more easily boiled out if we get quit of these 
sulphates. Por this purpose I always add to the sample of sesrwater, 
in which the GO^ is to be determined, a suffident quantity of a saturated 
chloride-of-barium solution to predpitate all the sulphuric acid present. 
The effect has answered my expectations. After the first fifth of dis- 
tillate has passed, there is rarely a perceptible turbidity in fresh bar3rta- 
water. In practice, however, and as it costs but little trouble, I always 
distil off from three quarters to seven eighths, and often quite nine 
tenths of the solution. 

The determination of the carbonic acid in seii-water is carried on on 
board the 'Challenger' by means of an apparatus, a very slightly mo- 
dified form of the one described by Dr. Jacobsen in the ' Annalen der 
Chemie und Pharmade,' a drawing and description of which he was good 
enough to give me when the ' Challenger' was fitting out. 

A flask with a capadty of about 600 c. c. receives the sea-water to be 
operated on, usually from 200 c. c. to 250 c. o. It is dosed by an 
india-rubber cork, through which pass two tubes ; one, reaching to the 
bottom, communicates with the condenser, a cylindrical copper vessel, 
10 in. high by 5^ in. diameter, with a block-tin worm. The lower end 
of the worm is attached to the receiver by a bent glass tube with a 
flexible joint, from which a glass tube leads to the bottom of the 
receiver. The flexibility thus obtained is, in practice, of the greatest 
use, enabling the operator, by shaking, to expose constantly fresh sur- 
faces of baryta-water to the passing gases. The receiver is connected by 
an india-rubber tube with two bulbed V-tubes. An aspirator enables a 
stream of air to be drawn through the apparatus, a soda-lime safety-tube 
being interposed between it and the V-tubes. The water running from 
the aspirator is conducted outside the port by a tube which passes 



Digiti 



ized by Google 



490 Mr. J. Y. Buchanan on the Absorption of 

through a hole in the sash. The flask containing the aea-water is sup- 
ported on a ring, by a dasp holding its neck. Both of these, along with 
the spirit-lamp underneath the flask, are attached in the usual way to an 
iron rod, which is attached to the projecting side of the ship by an eje- 
bolt, in which it has a plaj of rather more than an inch in i^e directi<»i 
of its length. The lower end of the rod sits securely in a hole, let into 
the top of the working-table* When the apparatus is dismounted the rod 
is pushed up, till its lower end has freed itself from the hole and laid 
flat along the roof, being supported at one end by an eye-bolt, at the 
other by a hook. The aspirator and the condenser are retained in their 
places by wooden blocksi which fit in between ihem. and the ship'a dde or 
the battens on the bench. 

The water in which the carbonic acid is to be determined is introduced 
into the flask by means of a tube reaching to the bottom. When the 
carbonic add is to be determined in a specimen of water, the apparatus is 
first put together and a current of air, free from carbonic acid, drawn 
through, care having been taken to see that it is thoroughly dry in all its 
parts. The corks in the receiver and Y-tubes are then eased, and 
from 15 c. c. to 20 c. c. baryta-water, usually of about -^ normal 
strength, run into them. The water to be examined is introduced into 
the fiask through a tube reaching to the bottom ; 10 e. c. of a nearly 
saturated solution of chloride of barium are then added, the apparatus 
dosed and heat applied. When the liquid begins to boil, care must be 
taken to lower the flame to avoid frothing over. A gentle current of 
air is now conducted through the boiling liquid, and the receiver con- 
stantly agitated. After half an hour's boiling, about 100 c. c. water 
have distilled over, and at the same time all the carbonic acid. That 
the latter is the case, I ascertained by changing the baryta-water at this 
point, and continuing the distillation, when no turbidity was produced. 
That, at any rate, no appreciable amount of carbonic add passes after 
even the first 60 c. c. water have been distilled over, may be very easily 
seen by the liquid in the receiver passing from a turbid, somewhat 
frothy solution, to a dear one, in which a weU-defined predpitate is sus- 
pended, and whose amount does not visibly alter as the distillation 
proceeds. Although such is the case, I have usually, as it costs but 
little more time and trouble, carried on the distillation until seven 
eighths have passed, and indeed, in many cases, until cryst^lization has 
commenced. When proper attention is paid to the agitation of the 
receiver during the first part of the distillation, the amount of carbonic 
acid reaching the first Y-tube is quite insignificant, and the baryta- 
water in the second remains perfectly clear. When this operation is 
finished, the contents of the Y-tubes are washed into the receiver with 
boiled water, and the remaining alkalinity determined with hydrochloric 
acid of known and convenient strength. The point of neutralisation is 
indicated by rosolic acid* 
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Synthetieal Experiments. — In order to check the above experiments, it 
appeared to me to be of importance to determine the absorption-coeffi- 
cients of one or more of the solations for carbonic acid. Before knowing 
anj thing of the retention of carbonic add b j sea-water, I had determined, 
if possible before the sailing of the *• Challenger,' to investigate the solu- 
tions of some of the salts oocorring in sea-water, with reference to their 
power of absorbing the atmospheric gases. It was well known that 
sea-water, in common with most other salfc-solutions, absorbed a smaller 
quantity of air than distilled water would do under the same drcum- 
stances ; but it had never, to my knowledge, been attempted to find out 
whether this diminution of absorptive power was distributed equally 
over the three gases, or was exhibited more strongly in the case of one 
gas than in that of another. From a preliminary experiment in which a 
2 per cent, solution of Na Gl in distilled water was saturated with air and 
the air then expelled and analyzed, it appeared that the oxygen was 
present in slightly greater quantity relatively to the nitrogen than would 
have been the case if the liquid had been distilled water. Of course, this 
being the result of only one experiment, no conclusion can be drawn from 
it \ but it shows the necessity of the investigations which I had proposed 
to myself. Unfortunately, the time at my disposal was too short to allow, 
of anything being done, except a few experiments with carbonic acid and 
solutions of sulphate of magnesia and of sulphate of lime. 

For this purpose I made use of a Bunsen's absorptiometer, and fol- 
lowed his method, with the modifications rendered necessary by having 
to do, not with a simple liquid, but with a saline solution. The carbonic 
acid was introduced into the absorption-tube and measured, not in the 
mercurial trough, but in the absorptiometer itself, the lid being left open. 
This is a much more expeditious way, inasmuch as the gas quickly 
assumes the temperature of the water of the absorptiometer ; and as the 
readings after absorption are all done in this way, there can be no 
object in reading the gas alone in another way. After absorption, the 
instrument is always read with the lid shut, so that what corresponds 
to the height of mercury in the trough is given by the height of it in the 
outside graduated leg of the absorptiometer. In all of the determinations 
this height is given, not in the reading on the leg itself, but in the cor- 
responding reading on the absorption-tube, which can be directly 
observed with sufficient Accuracy with the ordinary telescope used in gas- 
analysis. As after shaking the instrument and opening the stopcock 
connecting the leg with the body of the instrument some of the water 
frequently passed into the former, we have generally a reading marked 
'* water in outer leg," which forms a factor in estimating the tension of 
the gas. 

The solutions experimented on were, one containing 1-23 per cent, 
crystallized sulphate of magnesia and one containing 0*205 per cent, 
gypsum. It was necessary that these solutions, before being introduced 
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into the absorption-tube, should be depriyed of air without affecting 
their state of concentration. This was effected in the following way* 
A flask was filled up to a mark in the neck with the solution, half of it 
was then emptied into another flask and the two boiled, while distilled 
water was kept boiling in a third. When the boiling had been kept up 
for about half an hour, the contents of the second flask were emptied 
into the flrst and washed out with the hot distilled water, the Yolume of 
the solution being brought in this way up to the mark, and so far above 
it as was equivalent to the expansion of the solution for the difference of 
temperatures. A glass syringe of convenient size was now filled with 
the boiling liquid and passed hot into the absorption-tube. This method 
may be objected to on two grounds : first, that there is some uncertainty 
about the exact concentration of the solution when introduced into the 
absorption-tube ; and, second, that some air may have been absorbed by 
the liquid in it^ passage through the syringe to the tube. As to the 
first objection, when the operation is carried out in the way I have 
described, the possible difference between the actual and assumed con- 
centration is so small that it would be extremely unlikely to have any 
influence on the coefficient of absorption of the liquid. As to the second, 
if the manipulations be expeditiously carried out, there is but little fear 
that the liquid at so high a temperature, and exposed to the small quan- 
tity of air of diminished tension in the syringe, should be contaminated 
in an appreciable way. However much or little importance one may 
attach to these possible sources of error, they probably explain why the 
whole subject has been left almost entirely untouched. 

Our object in these experiments is, not to determine the absorption- 
coefficient for a standard pressure such as 760 millims., but to determine 
it for various pressures, the temperature being kept as uniform as cir- 
cumstances will permit, and to compare the results obtained with those 
calculated for distilled water. 

Let Yssvolume of gas (at 0^ and 760 millims.) before introduction 
of solution, 

Vj ass volume (reduced to 0°) of gas after absorption, 

P^spressure of this 'gas, 
then the volume of gas absorbed will be 

^.=^-^' w 

And if % be the volume of the solution, we have for the coefficient of 
absorption at pressure P^ and the temperature of observation, 

' hX 760 ; ^""^ 

Two series of experiments were made on solution of sulphate of 

magnesia containing 1*23 per cent, crystallized salt, and one series on 

sulphate-of-lime solution containing 0*205 per cent, of CaS0^+2H,0, 
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The detailed results are given in four Tables. In the first are given the 
original volumes of the carbonic add used in each series, with the data 
for finding the same. In columns 1 and 2 are found the volumes used 
in series L and 11. respectively for sulphate of magnesia ; in column 3 
is the volume for the sulphate-of-lime experiments. 

Table I. 

Table giving the original volumes of carbonic acid used in'the three 

series of experiments I., n,, and III. 



1. 



2. 



Barometer 

Lower meroury-leyel in trough 

Uppermercury-level in tube 

Mercury column in tube(^j) 

Height of water column in outer cylinder... 

Equiralent mercury column 

Temperature of water in cylinder 

Yapour-tension for t^ 

Beaeting pressure ^^^^i+g^T) 

Volume in c 0. of ^1 from calibration Table 
Volume (v) reduced to 0° and 760 millims. 



a. 

t 
T 
P 

V 

V 



741-6 

594 

323 

271 

552 

40-7 

10-8 
9-665 
501-5 

73-267 

46-509 



741-5 

581 

322 

259 

544 
40-15 
9-8 
9-045 

513-6 
73-039 
47-650 



736-5 

586 

331 

255 

558 

4M8 

10-8 
9-665 
513 

75-09 

48-759 



In series III. (Table IV.) with sulphate of lime, and in series I. 
(Table 11.) with sulphate of magnesia, the readings were made without 
loss of time, the pressure being successively increased for each experi- 
ment. In series U. (Table HI.) particular attention was paid to the 
length of time this gas and solution were in contact at the different 
pressures, and for each experiment the pressure was successively 
diminished. They were left in contact for nine days at the highest 
pressure (column 1) before reading; No. 2 was read twenty-two hours 
later. No. 3 forty-one hours later than No. 2, No. 4 twenty-five hours 
later than No. 3, and No. 5 after the lapse of some days. 

Table II. 

Determinations of the absorption-coefficient of a 1*23 per cent, solution 
of crystallized sulphate of magnesia for carbonic acid at the tem- 
peratures and pressures indicated, Vsa 46*609 c. c. 





1. 


2. 


3. 


4. 


t 
«1 


741-5 

120 

568-7 


739-5 

11-5 

293-0 


741-5 

11-9 

397-5 • 


738-0 

11-9 

1825 


*, 


314-2 


2240 


255-5 


199-0 


^l 


1620 


690 


102-0 


39-5 


/. 


568-7 


2420 


352-0 


123-0 


w 


-152-2 


-104-0 


-106-0 


-lOOK) 



Barometer 

Thermometer 

Outer lered of mercury 

Inner lerel in absorption- 
tube 

Upper lerel of solution in 
aMorption-tube 

Upper lerel of water in outer 
leg 

Resultant water column 

K-Zi-fti-f <^i} 
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Table U. (continued.) 







1. 


2. 


3. 


4. 


Equivalent mercury column 
Vanour-tenflion for i!"... ■•.... 


1 

V 

k 


- 11-2 
10-467 

476-54 

36-943 

22-190 
71-218 
34-275 

0-7095 
0-6909 


- 7-68 
10-120 

652-7 

16-19 

13-343 
50-875 
34-685 

0-9662 

0-9631 


- 7-97 - 
10-389 . 

581-14 

23-481 

17-206 
57-968 
34-487 

0-8496 

0-8455 


- 7-38 
10^89 

736-73 

9-648 

8-962 
45-254 
35-606 

1-0545 

1-0718 


Besultant preanue on gas 
U-i*-T+q} 

Yolume m c. c of c^ from 
calibration Table 

Volume V reduced to 0° and 
760 millims 


Volume in 0. c. of &| 


Volume of solution (v^^v) . 

Coeflficient of absorption for 
temperature t and pres- 
sure Pj millims. T •• • 

Absorption-coefficient of dis- 
tilled water for same tem- 
perature and pressure ... 



Determinations of the absorption-coefficient of a 1*23 per cent, solutian 
of crystallized sulphate of magnesia for the temperatures and pres- 
sures indicated, the duration of the reaction being taken into account. 
V= 47-650 c. c. 







1. 


2. 


3. 


4. 


5. 


Barometer 


t 
*i 

/l 

w 

p. 

V 

I 

«1 

ft 


736-5 
11-1 
63-0 

174-5 

40-6 

3-0 

-73-9 
- 5-46 

9-867 

8-327 

9-905 

10-429 
39-761 
29-856 

1-2467 

1-3052 


737-0 

no 

257-0 

230-5 

95-8 

196-0 

-72-7 
- 5-37 
9-792 

695-3 

22-106 

19-441 
62-387 
30-231 

0-9331 
1-0445 


747-0 
10-45 
446*5 

265-6 

131-4 

382-0 

-69-7 
- 5-15 
9-443 

551-5 

30K)7 

21-016 
60-256 
30-186 

0^8823 
0-8461 


742-0 

11-1 

506-0 

277-0 

143-0 

4400 

-68-0 
~ 6-02 
9-857 

4981 

32-67 

20-576 
62-841 
30-171 

0-8974 
0-7456 


734-0 

11-1 

553-5 

303-0 

1690 

4880 

-68-5 
- 505 
9-857 

468-6 

38-52 

2^824 

68-72 

30-200 

0-8221. 

0-7014 


T'hermomfltflr «.,.....« 


Outer level of mercury 

Inner level in absorption- 
tube 


Upper level of solution in 
MMorDtion*tube 


Upper level of water column 
in outer leff •••...■«. 


Besultant water column 
ia,—f,^b,+c,\ 


i .1 /i "1 1 •'1 J ••••••• 

Equivalent mercury column 
Vanour-tension for t^ 


Besultant pressure on gas 
U^i*^T+q} 


Volume in c. c. of c^ from 
calibration Table 


Volume V reduced to 0° and 
760 millims 


Volume in 0. 0. of d« 


Volume of solution (v^—v)... 

Coefficient of absorption for 
temperature t° and pres- 
sure P^ millims. ■ T* i ... 

Absorption-coefficient of dis- 
tillwi water for same tem- 
perature and pressure 



* ^l=«l-*l- 
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Table IV. 

Determinations of the absorption-K^oefficient of a 0-205 per cent, solution 
of gypsum for carbonic acid at the temperatures and pressures 
indicated. ys848*759 c. c. 



\ 




1. 


2. 


8. 


4. 


5. 


6. 


Barometer 


i 

t 
«i 

*i 
^\ 

w 

% 
p. 

V, 

^\ 
K 

«i 

^1 


737 
10-1 
4395 

274-5 

1536 
4260 

-107-5 

- 7-9 
9-227 

554-87 

85<)2 

24-656 
62-27 

27-25 
0-8845 
0-8617 


788 
12-9 
268 

231-5 

111 
238 

-90-5 

- 6-64 
1109 

68377 

26-5 

21-908 
52-56 

2706 
0-9923 
0-9618 


738 
13-3 
165 

210 

85-5 
126 

-85'5 

- 6-3 
11-383 

765-3 

19-83 

19-042 
47-73 

27-90 
1-0651 
1-0624 


743 
111 
149 

192-5 

65-6 
101-5 

-79-5 

- 5-86 
9-857 

770-8 

15-42 

15-029 
43-80 

28-38 
1-1885 
11534 


743 

111 
108 

185-6 

57-6 
54-6 

-745 

- 5-5 
9-857 

806-2 

13-67 

13-918 
42 25 

28-58 
1-2191 
1-2048 


7435 
11-65 
31 

172-5 

43 
-27-5 

-71 

-52-4 
10-22 

869-5 

10-43 

11-320 
39-31 

28-88 
1-2964 
1-2757 


Thermometer 


Outer level of mercury 

Inner lerel in abeorp- 

tion-tube 


Upper lerel of solu- 
tion in absorption- 
tube 


Upper lerel of water 
in outer leg^ 


Besultant water 
colmnn 
{«,-/ 4,+c,}... 

Equiralent mercury- 
column..... 


Besultant pressure on 

Volume m c c of c, 
from calibration 
O^ble 


Volumet>reducedtoO'» 
and760millims.... 
Volume in c. c. of 6| 
Yolome of solution 

(ft '^fi\ U.XX4»..ti. 


Absorption-coefficient 
for temperatota t 
and pressure Pi . . 


*i , ; 

Absorption-ooeffioient 
of distilled water 
for same tempera- 
ture and preMure... 



Comparison of the results of series I. and U. shows the effect which 
these sulphates have in altering the power of absorption of water for 
carbonic add, when they are allowed sufficient time for the reaction* 
The subject of the absorption-power of saline solutions is one of much 
importance, and affords an almost inexhaustible field for research, when 
the effect of varying the nature of the salt, the strength of the solution, 
the temperature, the pressure, and the duration of the action of the solu- 
tion on the gas are taken into account. I hope, at some future time, to 
be able to resume this interesting inquiry^ 

H.M.S. * Challenger/ Simon's Bay, Nor. 4, 1873. 
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" On the Mechanism of Stromboli/' By Bobebt Mallet^ M, A., 
P.II.S. Received May 17, 1874 *. 

Stromboli and Masaja stand alone, so far as observation has yet gone, 
amongst the volcanic vents of our planet, in the remarkable characteristic 
of having a distinctly rhythmical intermittence and recurrence in their 
eruptive action. Masaya, though known for about 300 years, has be^i 
but little observed, so that some doubt may exist as to whether its action 
be truly intermittent and recurrent or not ; and if we leave it aside for 
future observation, Stromboli stands unique amongst terrestrial volcanoes 
in the rhythmical character of its eruptions, more or less accurate obser- 
vations as to which are upon record for above 2000 years. Every vol- 
canic vent is indeed intermittent, and often recurrent, in its action, which 
has been properly denominated paroxysmal, but no law can be traced in 
the intervals of time elapsing between the paroxysms. A vent may sud- 
denly open and a cone be thrown up, as in the case of Monte Nuovo, and 
after this burst volcanic effort may cease there, perhaps permanently; or, 
as in the case of Vesuvius, prior to A.n. 79, a period of repose may exist 
in a volcanic cone already formed, exceeding human local tradition, to be 
succeeded by paroxysmaJ efforts, varying enormously in intensity, and 
with intervals in time between successive eruptions varying from hours to 
centuries. In all these there is no rhythmical recurrence, or at least none 
that, upon the narrow scale open to our observation, can be viewed as 
such. In Stromboli, on the contrary, there is a distinctly rhythmical inter- 
mittence and recurrence, so regular in time, and preserving for centuries 
such a general uniformity in energy, and of such slight violence, as to 
point to some distinct train of mechanism as producing it — that me- 
chanism, whatever be its nature, being comprehended within a moderate 
distance from the surface, and not referable to the more mighty and deep- 
seated forces which determine the uncertain and altogether unpredictable 
paroxysms of volcanoes generally. Not that the rhythmic intervals of 
Stromboli are precisely the same at all times, as has been erroneously 
stated by many travellers, nor the violence of its outbursts at all times 
alike ; but both vary within narrow limits during the immense historic 
period that it has been observed. No satisfactory explanation has yet 
been given, so far as the author is aware, of the physical and mechanical 
condition constituting the mechanism upon which this extremely curious 
rhythmical action depends ; and it is the object of this paper to point out 
what appears to be its real nature. It is the more worthy of attentive 
study, as Stromboli is in reality the link that connects two widely different 
phenomena — ^namely, the ordinary cone of eruption and the geyser. 
Stromboli is, in fact, a volcano and a geyser united and acting together 
in the same vent, the rhythmical action which characterizes the geyser 

* Bead June 18, 1874. jSee ant^, p. 473. 
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being thus communicated, within certain limits, to the otherwise irregular 
and aooidental aotivity of the volcano. 

Passing ancient accounts, Stromboli has been visited in modem days, 
amongst men of science, by Spallanzani, DoUomieu, Hoffman, Scrope, 
Daubeny, and several others ; but no very full or exact description 
of the crater and its adjuncts, much less any adequate explanation 
of the curious mechanism of its action, has been given by any of these 
writers. 

Hoffmanns account of the phenomena witnessed by him, though far 
from clear or "satisfactory, is curious enough to deserve translation 
here : — " The volcano appeared to have changed into a hot mineral 
spring ; then at irregular times we observed that the continually deve- 
loping steam became stationary, and, with a jerking uncertain motion, 
rushed back into the mouth of the crater. At the same time we felt a 
terrifying trembling of the ground, accompanied by visible oscillations of 
the loose crater-sides. Then followed a hollow roar, and a volume of 
steam shot out of the crater, accompanied by a shrill crackling. Thou- 
sands of lava-fragments, which had been carried up with the steam, spread 
in the air like sheaves, and then fell back, either into the mouth or on 
the surrounding cinder and sand walls. We could distinctly see (parti- 
cularly on this occasion) the boiling, seething lava dash against the sides 
of the shaft, separate into two streams, and then fall back ; bui> the lava 
ejected in bubbles flew far through the air, twisting and tearing along, 
foaming drops, bright as cooled glass, clattering as they rolled down the 
declivity.'' 

Mr. Scrope makes the following remarks in his * Yolcanos ' (second 
edition, pp. 332-334) :— 

'* The remarkable circumstance in this small but interesting volcano is 
that the column of lava within its chimney is shown, by the constant ex- 
plosions that take place from its surface at intervals of firom five to fifteen 
minutes, casting up fragments of scoriform lava, to remain permanently 
at the same height, level with the lip of the orifice at the bottom of the 
crater, and therefore some 2000 feet above the sea-level. It is evident 
from this that nearly a perfect equilibrium is preserved between the ex- 
pansive force of the intumescent lava in and beneath the vent, and the 
repressive force, consisting in the weight of this lofty column of melted 
matter, together with that of the atmosphere above it ; consequently a 
very small addition to or subtraction from the latter, such, for instance, 
as a change in the pressure of the atmosphere, must to some extent, how- 
ever small, derange the equilibrium. It need not therefore surprise us 
that the inhabitants of the island, chiefly flshermen, who ply their perilous 
trade day and night, within sight of the volcano, declare that it serves 
them in Ueu of a weather-glass, warning them by its increased activity of 
a lightening of the atmospheric pressure on the volcano— equivalent to a 
fall of the mercury — and by its sluggishness giving them assurance of the 
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reverse. It is the tension of heated steam or water disseminated through 
the lava in and beneath the rent which occasions its eruptive action, and 
the boiling-point of ever j drop or bubble must be sensibly affected by 
every barometric variation 

" In the foul weather of winter I was assured by the inhabitants that 
the eruptions are sometimes very violent, and that the whole flank of the 
mountain immediately below the crater is then occasionally rent by a 
fissure, which discharges lava into the sea, but must be very soon sealed 
up again, as the lava shortly afterwards finds its way once more to the 
summit, and boils up there as before. Captain Smyth found the sea in 
front of this talus unfathomable, which accounts for the remarkable fact 
that the constant eruptions of more than 2000 years have failed to fill up 
this deep-sea hollow." 

Dr. Daubeny ('Yolcanos,' second edition, p. 248) appears to have 
given but a cursory examination to the crater ; and in his observations on 
its phenomena only repeats Spallanzani, Hoffman, and Mr. Scrope, as 
follows : — 

" The unremittent character of the eruptions of Stromboli appears to 
arise, as Mr. Scrope has suggested, from the exact proportion maintained 
between the expansive and repressive force. The expansive arises from 
the generation of a certain amount of aqueous vapour and of elastie 
fluids ; the repressive from the pressure of the atmosphere, and from the 
weight of the superincumbent volcanic products." 

The mechanism, as imagined by Mr. Scrope, fails, in the author's opi- 
nion, to account either for the rhythmical character of the eruptions or 
for the alleged connexion between them and the state of the weather. 
No equilibrium between the " expansive " and the " repressive " forces can 
possibly exist at the moment of an outburst, the circumstances of which 
prove an excess of pressure of many atmospheres, which has been gradually 
Increasing since the last outburst became quiescent. 

To account for the actual facts, we must have such a train of natural 
mechanism as shall cause a gradual, though rapid, increase of steam- 
pressure within or beneath the vent or tube of the volcano, until the ac- 
cumulated pressure suffices to overcome whatever obstacles it may 
encounter, solid or liquid, and by blowing these away release the pressure 
itself in a burst of steam, stones, dust, &c. The conditions producing 
this gradual increase of steam-pressure must be such as shall give rise to 
the rhythmical recurrence, at comparatively short intervals, of the pheno- 
mena. These conditions are certainly not to be found, either in the 
general nearness of balance of any expansive and repressive forces alone, 
or in any conceivable relation between these and variations of atmospheric 
pressure. 

Mr. Scrope has, as the author believes, greatly overrated the altitude'of 
the fundus of the crater in stating it at 2000 feet above the sea. But let us 
suppose the height of the column of liquid lava, between the level of the sea 
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and the fundus of the crater, to be one fourth of this, and the expansive 
and repressive agencies in the nicely balanced equilibrium assumed, what 
effect could any variation of barometric pressure, within the limits ever 
experienced on any part of our globe, produce in disturbing such equi- 
librium ? A rise or fall of the barometer at the rate of a tenth of an inch 
per hour is known only to occur in connexion with the most violent hur- 
ricanes. A fall of half an inch in the mercury within three or four hours 
exceeds probably the utmost that occurs in connexion with the most vio- 
lent Mediterranean storms. But let us suppose a fall of two inches in 
the barometer to take place instantaneously, how far would that affect the 
equilibrium supposed of such a column, however supported, and whether 
free from aeriform matter or containing vesicles thereof ? Two inches of 
mercury are equivalent to about -^ of the usual pressure of the atmo- 
sphere, or to less than one pound to the square inch at the sea-level. The 
liquid lava supposed to fill the column may be allowed to have a specific 
gravity of at least 2*000 ; a rise or fall, therefore, of a single foot in the 
top surface of this column would equilibrate this exaggerated amount and 
rapidity of barometric change. But the head of the column itself is de- 
scribed by Hoffman as continually in oscillation upwards and downwards 
through several feet. It is obvious, therefore, that changes of atmo- 
spheric pressure have nothing whatever to do with the mechanism pro- 
ducing the recurrent action of this volcano. 

Whatever reality there may be in the notion, long handed down, 
of some connexion between the degree of activity of this volcano and 
changes of weather appears to be merely superficial, and the true iQtei>- 
pretation wiQ be referred to further on. In any case this notion of 
equilibrium within the chimney of this particular volcano, and its dis- 
turbance by changes of atmospheric pressure, would be equally applicable 
to every volcanic vent in the world, and fails to throw any light upon the 
special phenomena which characterize Stromboli, viz. the quasi regular 
recurrence of its bursts forth. The geysers of Iceland belch forth water 
and steam, and occasionally stones, and the order of recurrence is the same 
which characterizes those of Stromboli. The latter does not send forth water 
en masse, its ejecta being steam mixed with some gases, carrying up con- 
siderable masses of solidified lava, chiefly in angular blocks, mixed occa- 
sionally, but not always, with torn shreds and lumps of half-solidified 
lava, in a more or less plastic state, together with a preponderant volume 
of dusty pulverulent matter. It is highly probable that water, not in the 
state of steam, but ia that of solid drops, is frequently blown from 
Stromboli, and such may be felt falling to leeward after some of the bursts 
forth, though not after all. It may be doubtful, however, whether or not 
these drops may arise from steam condensed in the air. 

We thus have, to the same succession of phenomena as those of the 
geyser, superadded in Stromboli some of those of a volcanic vent, of feeble 
but long-continued activity. 
VOL. ixn, 2 Q 



Digiti 



ized by Google 



500 Mr. R. MftUet on the 

n 

The phenomena of geysers were for a long time supposed peculiar to 
Iceland; and although they are now known to exist elsewhere, their 
characteristics are nowhere better observable than in Iceland. 

The recurrence of their outbursts, their duration and intervals, were 
very well described by Von Troil in his * Letters on Iceland ' in 1772, and 
have been further described by Sir George Mackenzie in 1810. 

Henderson had ascertained that stones, or other obstacles, thrown into 
the geyser-tube influenced the interval between two outbursts generally 
by increasing it, and gave rise to augmented violence in the outburst when 
it came, the stones being projected back along with the water, and rising 
much higher than the latter, as might have been predicted from dynamic 
considerations. Sir John Herschel suggested an explanation of geyser- 
phenomena, based upon modifications of the mechanism long previously 
proposed to account for those of intermittent springs. His explanation, 
though tenable, certainly does not apply to all observed cases, and is scarcely 
likely to be the true one, because a much simpler mechanism has been 
since pointed out ; and it may be taken as certain that, in explaining all 
natural phenomena, the simplest is the true one. This was discovered 
by Bunsen and Des Cloizeaux, who in 1846 examined the geysers of Ice- 
land, and ascertained the fact that towards the bottom of the tube of the 
Great Geyser, at a depth of 78 feet from the lip of the basin, a thermo- 
meter immersed in the rising column of water rose to 266^ Eahr., or to 
more than 50^ above the boiling-point of water, under atmospheric 
pressure only; and these authors conclude that, as the flow of water which 
replenishes the tube after an outburst causes the aqueous column gradually 
to rise to the lip of the basin, the temperature of the water at the lowest 
part of the column continues to rise ; and whether it receives its accession 
of heat from the sides of the tube or from jets of superheated steam 
issuing into it, no considerable volume of steam can be generated until 
the boiling-point has been reached at the bottom of the column, as due 
to its insistent pressure there, when a sudden and large outburst of 
steam takes place, and the whole column of water is belched forth from 
the tube, succeeded by the blowing-o£E of the pent-up steam which ex- 
pelled it, and with steam evolved from the column of water as it rises, 
until that falls back to atmospheric pressure. The curious facts ascer- 
tained by Professor Donny, of Ghent, that water absolutely free from 
combined air may be heated to even 275^ Fahr. before it boils, and then 
bursts into steam explosively, have been appealed to as auxiliary to the 
phenomena, but seem unnecessary, even were it certain that the water of 
geysers is absolutely air-free. Were it so, however, there can be little 
doubt that the rise in the boiling-point of such water, under atmospheric 
pressure, would also take place in the same water under a head of 78 feet, 
or equal to more than two atmospheres, and thus would still further aug- 
ment the temperature at the bottom of the tube, and further increase the 
violence of the outburst. 
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Bimsen is of opinion that the above is simply the mechanism of the 
Great Geyser ; but that to account for some of the minor phenomena of 
the second, or Strokur Geyser, some additional mechanism, not widely 
differing from that suggested by Herschel, may be necessary. Some of 
the relations which subsist between geyser-phenomena, as thus explained, 
and those which he supposes to occur at various depths in the tubes of 
active volcanic vents, have been well discerned by Sir Charles Lyell, and 
are described in his * Principles of Geology,' 10th edit. vol. ii. p. 220 ; but 
he has not applied them ia explanation of the rhythmic recurrence of the 
outbursts of Stromboli. From Bunsen's explanation, as above sketched, 
it follows that the interval between two outbursts depends mainly on 
three conditions — the depth and capacity of the tube, the rate at which 
the water that fills it is supplied, and the rate at which heat, from what- 
ever source, is transmitted to the water. Were these three all perfectly 
constant, the^ interval between two successive outbursts would be always 
the same, but it must vary, more or less, as any one of these three conditions 
may be altered. Again, the duration of the outburst, or time occupied 
in the expulsion of the column of water, and the height to which it is 
sent, as well as the volume of the jet, depend upon the capacity of the 
tube and the height to which the water rises within it before the blow-out 
commences, and must therefore vary in time with these conditions. The 
depth and capacity of the tube may vary secularly or be deranged sud- 
denly ; the temperature of the infiltrated water may vary, and therefore 
the time of its boiling under given conditions may alter with the season ; 
and the temperature of the sides of the tube, and of the steam blown into 
it from fissures, must vary with the intensity of neighbouring volcanic 
action whence these are drawn. 

Before proceeding to connect the circumstances presented by Strom- 
boli with the above facts in relation to geysers, it will be necessary to 
adduce some facts in relation to the former, derived from personal obser- 
vation. 

In the latter part of the year 1864 I examined the whole of the Lipari 
Islands, with the exception of Felicudi and Alicuda, which the lateness 
of the season rendered impossible. Starting from Cape MeUazo (Sicily) 
in a "well-found" speronala, with a crew of eight men, which I retained 
throughout the voyage amongst the group of islands, I had the pleasure 
and advantage of being accompanied for some days, and as far as Lipari 
Island, Fanaria, and Stromboli, by my friend Colonel H. Tule, B.E., well 
known for his embassy to Siam, and recently for his noble edition of 
Marco Polo's travels, and by various other works. Our landing at 
Stromboli was difficult, from the high surf running in ; and after our 
arrival the weather became so much more tempestuous as to detain 
us there some time. We enjoyed the hospitality of Padre Capellano 
GKusseppe Banza, whose house is situated not far from the central parts 
of the island, and whence a steep but not difficult walk leads up to the 
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crater and to the highest point of the island. The statements which 
have been made as to the relative heights of different points of this island 
appear to be only derived from guess, and are greatly in error, as I am 
enabled to show, although I am not in a position to give heights which are 
rigidly correct, my hypsometric measurements having been ciade by 
means of a single aneroid. 

Diagram No. 1. 
B 




The pergola of Padre Eanza's house (marked A, Diagram No. 1) was 
found to be 211 feet above the sea at St. Vincenzo, and the highest point 
of the island (marked B) is 2843 feet thus measured. Captain Smyth, 
however, gives the height as only 2576 feet : this was probably taken 
by him by the usual nautical methods of triangulation, and if so, may not 
be more exact than my own rough barometric measurement. The height 
of the ridge overhanging the crater, marked C, was in like manner found 
to be 1200 feet. We were enabled to clamber down from this over crags 
of lava, whose irregular terraces and ledges were capped, more or less 
deeply, with black volcanic sand, containing immense quantities of crys- 
tals of augite, down to a point overhanging the landward wall of the 
crater, and at no great distance from its verge, from whence we witnessed 
the phenomena of eruption. This point, marked C, I found to be 904 feet 
above the level of the sea. From this point the great, irregular, and 
somewhat oval funnel-shaped crater was before us ; and looking seaward 
the highly irregular walls bounding its edges sloped towards the sea, and 
were united transversely by the sharp irregular edge or summit of the 
mass of broken and in great part wholly discontinuous and angular 
ejected fragments, which form a slope down to the sea, between the oppo- 
site sides or jaws of the cove or reentrant angle in the coast-line called 
the Schiarrazza. From the point where we stood this edge (D on Diagram) 
was estimated by the eye and clinometer at about 300 feet below us ; and 
the narrower width of the crater thus seen across at its brim I estimated 
at from 300 to 400 feet. The form of the crater as described by Smyth 
(* Sicily and its Islands,' p. 255) in 1824 was stated to be circular, and 
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its diameter about 610 feet. This statement can only be received as 
approximate, as at that date the brim of the crater cannot have been 
extremely different from what it was in 1864 ; and the bounding walls, 
which are of material the greater part of which is as ancient as is the 
island itself, can scarcely admit of its ever having been circular, or much 
different from the irregular gulf it presented when I saw it. From our 
position of observation, every thing around us was of the sable colouring 
of black lava and volcanic sand. We could not see with any distinctness 
the fundus or bottom of the crater, a cloud of vapour issuing from its 
bottom, and in places from its sides, nearly filling the cavity, and obscur* 
ing the bottom even between the outbursts. This vapour smelled strongly 
of hydrosulphuric-acid gas. At all the lower part, as well as I could 
discern, the steep and solid walls of the crater merged into a very steep 
funnel-shaped talus of loose materials, at the centre and bottom of which 
was the apertiu^ of the tube or ** chimney " of the volcano. This has 
been described by Hoffman as entering the funnel by three apertures. 
Judging from the form of the column of steam, dust, stones, Ac., as seen 
at the first moment of ejection, the aperture appeared to me to be a single 
one, irregular in form, and with its longest dimension in the direction of 
the greatest width of the crater itself. Looking down from our position 
over the foreshortened slope of black debris which plunged into the sea 
900 feet below us, the two jaws of the Schiarrazza are seen to be com- 
posed of huge broken-off beds of lava, which dip to seaward at various 
depths below the surface ; these, partly by superficial decomposition, 
partly by being covered with serpul» and corallines, are of a nearly white 
colour ; and as we stood with the sun at our backs, the sea above these 
beds, at either side of the Schiarrazza, on which the sun was shining, pre- 
sented the most glorious tints, varying with the depth of the water from 
golden-yellow to the purest emerald-green, while between these, and look- 
ing right down over the black slope of debris, the deeper sea was of an 
intense indigo, passing off into blackness. Nothing in the way of natural 
colouring and wild outline combined could exceed the weird horror and 
intense beauty of contrast when a burst from the volcano sent forth in 
the midst its volumes of white steam and dust, which, seen by the 
reflected light of the sunbeams shining through it, appeared of every tint 
of ruddy brown or blood-red. From what precedes, and by reference to 
Diagram No. 1, it will be seen that the bottom of the crater-funnel can* 
not be more than 300, or at most 400 feet above the level of the sea where 
the tube or tubes enter it, and that the statement made by Mr. Scrope 
(* Volcanos,' p. 332, 2nd edition), viz. " the lip of the orifice at the 
bottom of the crater is some 2000 feet above ^e level of the sea," is 
largely in excess of the truth. Were that a fact, the brim of the crater, 
which is 300 to 400 feet above the bottom, would be situated within a height 
of about 175 feet according to Smyth's measurement, or within about 
300 to 400 feet according to my measurement of the highest point of the 
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island, either of which is physically impossible. While we remaiiied ob- 
serving, the outbursts from the bottom of the crater were found to be 
very irregular as to time, vailing, as timed by the watch, from a minimum 
of two minutes interval to a maximuni of thirty minutes, and in one case, 
after we had commenced our descent, to forty minutes. I could not trace 
a very distinct correspondence between the largeness of this interval and 
the violence and volume of the outbursts following it, although the ten- 
dency seemed to be to such a correspondence ; and the diu^tion of the 
outburst was certainly greater as the interval between two was so. At 
each outburst a huge volume of dust and small material, and with more 
or less of large fragments of solidified lava, all angular or subangular, and 
with a few fragments and shreds of different sizes of lava s'till hot enough 
to be slightly plastic while falling, were ejected ; none of the fragments 
were of any great size, none appearing to exceed in weight about 500 or 
600 pounds, and none of the pieces of plastic lava reaching half this 
weight. The light wind blew from us towards the sea, out over which 
a portion of the finer dust was wafted after each outburst ; but the great 
mass of the dust and fragments, whether small or large, fell back into 
the crater upon its bottom and steeply sloping funnel, a few only, and 
generally of the largest fragments, being thrown out over the crest of the 
crater at its sea side, and landing amidst the d^ris of the slope, down 
which they clattered. It was obvious that the orifice of the tube at the 
bottom of the crater was greatly obstructed by the loose material forming 
the funnel above it, which seemed after each outburst to be continually 
slipping, more or less en masse^ and so blocking up the tube, along with 
the mass of ejected material which dropped back upon the orifice ; for 
it was easily remarked that successive outbursts apparently took place 
from different points, distant occasionally some yards from each other, in 
the bottom of the crater — ^the main axis of the column, or its greatest 
thickness, varying, thus in position, and also more or less diverging 
slightly from the vertical, sometimes one way and sometimes another, as 
though the ajutage of discharge was through loose material of partly 
large and entangled blocks^ mixed with finer material, the positions 
of which were more or less altered after each discharge. None of 
the large fragments which we saw thrown out rose higher than the posi- 
tion at which we stood, and few even so high — that is, they did not rise 
more than 400 to 600 feet above the orifice at the bottom of the crater ; 
but occasionally the height of projection must a good deal exceed this, as 
I found many angular fragments and large shreds of lava, which had 
&llen in a leathery or plastic state, to the landward and eastward sides of 
the brim of the crater, 150 feet or more above the level of our point of 
observation. The black sand and dust and crystals of augite are found 
in large masses still higher and further from the crater on the land side ; 
but much of the latter are blown inland by the strong winds from the 
northward that prevail in winter. The solid mural precipices which form 
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the walls of the crater above the funnel of loose material consist of beds 
of solid layas and agglomerated fragments, and appear to dip more or less 
towards the sea, or away from the centre of the island, and were no 
doubt formed by one of its great early and more central craters at a period 
excessively remote, Suffioni of steaon issue in some spots from between 
these beds, and the percolation of water was seen in places not far below 
the brim of the crater. There is a perennial spring of percolated water 
much higher up upon the island, and under the steeps that mark the 
position of an ancient crater, so that it is highly probable that rain-water, 
in greater or less quantity, finds its way into the funnel, and even the 
tube, of the volcano, although the percolation of sea-water is no doubt 
the cliief source of the supply, which is blown out as steam, and perhaps 
in part as pulverized water. Each outburst, while we continued to 
observe them, was preceded by several distinct low detonations, with in- 
tervals between each of from 4 or 5 seconds to as much as 80 seconds : 
these, though of a far deeper tone, greatly resembled the cracking 
noises that are heard when steam is blown into the water of a locomotive 
tender for the purpose of he&ting it. These detonations sensibly shook 
the rock beneath our feet. 

The outburst, when it comes, does not rush forth quite instantaneously 
or like that of exploded gunpowder. It begins with a hollow growl and 
clattering sound of breaking or knocking together of fragments of hard 
material^ which very rapidly increases to a roar at its maximum, continues at 
about the same tension for a period varying from a few seconds to a minute 
or two, and then rapidly declines, but less rapidly than the augmentation 
took place. At the first instant of the outburst, the rock on which we 
stood was very sensibly shaken, the .vibrations being both vertical and 
more or less horizontal ; at the end, and after the fragments have ceased 
to fall and the dust has cleared away, all tension of vapour in the tube 
seems for the moment at an end, and the funnel is seen filled merely with 
rolling clouds of vapour. The noise produced by the outburst is not very 
loud, and more resembles that of the rush of a heavy railway-train over 
an iron-girder bridge, when heard at some distance off, than any other 
sound to which I can compare it, but more fluffy and flat. On examin- 
ing the existing surface of the island, it is easily discerned, by an eye 
educated to the observation of extinct volcanic regions, that successive 
craters have been formed, shifting their positions posterior to the pro- 
duction of that great and nearly central one from which the main nuiss 
of t^e island was thrown up. The existence of three such craters may 
be traced ; and the existing little crater is situated at the landward or 
south-eastern side of a vastly larger crater, all the north-western or sea • 
side of which has been destroyed and buried in deep water, and of which 
the heavy beds of lava seen under water at both sides of the Schiarrazza 
are the only remains to seawards of the existing* slope of d^ris. This is 
represented by the Diagram No. 2, copied from my note-book, in which 
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the diagonally shaded portion represents an ideal section of the island as 
it now stands, taken through its highest point and the existing crater of 
Stromboli, while the lines beyond indicate the probable outlines of the 
island when the great crater was active, of which the Stromboli of to-day 
may be viewed as little more than a f umarole. 

Diagram No. 2. 



I may add here, in reference to the Lipari group generally, that all the 
islands present more or less distinctly these characteristics of craters 
whose axes have shifted and formed new ones at immensely ancient 
epochs, and with vast intervals of time intervening. 

The entire group presents, though in various degrees in the different 
islands, the general character of great decadence of a once far more 
powerful volcanic activity ; and, in every case, as the cone, or rather mound, 
of each island increased in mass and height, the original vent thus in- 
creasingly obstructed tended to moye off and open new and easier vents 
in directions approaching the coast-lines, just as in the case of very old 
and massive volcanoes on land, such as Etna, migrations have occurred of 
their most ancient great craters, and, in more recent times, new ones have 
opened low down upon their flanks, such as Monte Eosso &c. The epoch 
of primordial activity was far from contemporaneous in all th^ islands ; 
and we find in them now the most varied stages of volcanic decadence. 
In the island of Vulcano, we have an empty crater of enormous capacities 
and depth (1100 to 1200 feet), the bottom of which reaches to within a 
few feet of the sea-level, and is only separated from the shore-line at the 
north-east of the island by an extremely steep bank of compact tufa. 
The oldest craters having been situated much more centrally and far to 
the south-west, while the little crater of Vulcanello was thrown up to 
seaward of the ancient coast-line and between it and the deep crater just 
• spoken of, boiling springs and boiling streams of superheated vapours 
issue below the sea-water, and a thermometer sunk amongst the pebbles 
of the beach in many spots rises to above 300° Fahr. In the bottom of 
the deep crater the principal " bocca," which is several feet in diameter, 
and though only blowing out superheated steam and gases with a mea- 
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sured sort of rise and fall in its snorting, is red-hot to the lips, which 
are of hard lava ; and the temperature at the mouth I found, in 1864, 
was sufficient to melt brass wire, but not sufficient to fuse a similar wire 
of bronze (i. e. copper with about 5 per cent, of tin). 

The falling-in of any considerable proportion of the waUs of this grand 
crater, which, on the landward side, consist of nearly horizontal beds of 
volcanic rock and conglomerate, forming at that side a vast mural preci- 
pice, though almost wholly of compacted tufa for the remainder of its 
periphery, would easily give rise to a renewal of volcanic energy, such 
as nowhere exists now in the Lipari group. 

Stromboli is the next to this in existing energy ; but though the per- 
sistence and character of its activity excite much more attention, the 
actual evolution of volcanic heat is greatly inferior to that constantly going 
on from the unobstructed " bocca " of Vulcano, which, if again obstructed, 
would produce very violent effects. In Lipari Island we have the traces 
of several great craters of extreme antiquity, the most recent being that 
which evolved the mountainous masses of pumice and the enormous 
stream of pumice and obsidian which falls into the sea at the north-east 
of the island ; but the greatest sign of present activity is found on the 
shore at the opposite side of the island, at II Stufi, where innumerable jets 
of hot water and superheated steam with sulphurous acid issue from the 
heavy beds of trach3rte, which they rapidly decompose and convert into 
clays and hyalite. 

In others of the islands, such as Panaria and Saline, no sign of activity 
remains, and the most practised eye with difficulty seeks to recover the 
positions or outlines of the very ancient craters. Lastly, in the small 
islands of BasUuzzo, in the low rocks of Liscanera and Liscabianca, and 
in the huge spire of Datola, formed of vertically parted and splintery 
trachyte of the most obdurate character, we have but the last shreds of 
one or more great volcanic islands which once occupied the shallow sea- 
spaces between all these islands, and probably connected them into a 
single vast cone. A hot spring still rises in water of 4 or 5 fathoms 
deep between Liscanera and Liscabianca, which possibly mark the site of 
one of the most recent of the craters at this spot, the islands which they 
formed, at a period too distant for imagination, having here almost disap- 
peared under the eroding influence of. the comparatively tranquil and 
tideless waters of the Mediterranean, aided perhaps by local subsidence, 
but of which there is little or no evidence. It will thus be seen that the 
change in position and decadence in energy ascribed to the existing crater 
of Stromboli, although for 2000 years its energy has seemed to be constant 
or not greatly diminished, are circumstances in complete accordance with 
the facts presented generally by the volcanic islands of the whole group. 
The existing tube of Stromboli, like that which leads to the " bocca " of 
Vulcano, has but a lateral and indirect? and very much choked-up com- 
munication with those great central ducts which once gave vent to 
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the products of the great craters. Lava from these, generally imper- 
fectly melted, but occasionally in a complete state of fusion, still finds its 
way from these into the upper parts of the existing tube of Stromboli, 
but in comparatively very small quantity. 

On leaving St. Yincenzo we circumnavigated the island of Stromboli, 
and examined the slope of debris in Schiarrazza cove ; the actual average 
angle of slope is much overrated by Mr. Scrope at 60° (*Volcanos,' 
page 32). By the clinometer it proved to be from 34° to 36° with ibe 
horizontal. The slope consists almost wholly of angular fragments, 
averaging but a few hundredweight each, and of shreds and tails of lava 
that have fallen in a semif used condition. Mixed with these, in a wholly 
irregular manner, are here and there sinuous and twisted flakes of lava. 
These have been often taken for dykes of lava forced out by hydrostatic 
pressure through the bank of d^ris, when the crater has been assumed 
brim-full of liquid lava; but I am not aware of any evidence whatever 
in support of the notion that this crater ever has been so filled. Its 
steep walls present no traces of the contact of liquid lava at any time 
since their formation ; and it can scarcely be doubted that had the crater 
ever been filled with liquid lava to the briin, the loose and incoherent^ 
slope of d^ris would have been utterly unable to sustain the pressure, 
and must have been forced bodily into the sea, into which the mass of 
liquid lava must have followed it. The base of the slope appears to con- 
sist of solid and, no doubt, comparatively water-tight beds of lava, like 
those described, as seen from above, at both sides of the Schiarrazza ; and 
but for these the existing crater could have never been formed, or its 
activity preserved, for it must have been drowned out by the inroad of the 
sea, as so many other and recent craters in the other islands prove to 
have been. The sinuous masses of lava seen at various parts of the slope 
of debris appeared to me no more than huge splashes of very liquid lava, 
which, in outbursts of greatly more than usual intensity (such as was one 
of those witnessed by Hoffman) and with a larger supply of lava than 
usual, were blown out over the crest of the slope and fell amongst the 
blocks of debris. Fresh deposits of debris obscure the features of most 
of these plashes ; but I observed, in some cases, that the lava had distinctly 
moulded itself, like a mantle, to the sinuosities between and the forms of 
the blocks upon which it fell. Within a yard or two of the base, or 
water-line, of the slope were two blocks of lava of exceptional magnitude, 
the larger having a volume of 8 or 10 cubic yards. These blocks were 
confidently affirmed to us to have been projected during some violent 
burst forth and thrown clean over the crest of the slope, and to be in fact 
blocs r&jetSs thrown from the bottom of the crater ; examination proved 
that they could be nothing of the sort. They were sharply angular, and 
all the surfaces had the crystalline texture of dark pyroxenic lava not 
very long fractured, except in some places, where distinct signs of wea- 
thering were evident in the larger block. Had they been blocs njetis 
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thej would have presented on all their surfaces and edges the more or less 
rounded outlines and extreme induration and closeness of grain due to 
long-<^ntinued torrifaction, which are the invariable characteristics of such 
blocks. The true history of these great blocks is, that they had been 
detached by the shakings of the outbursts from one of the steep cliffs of 
the ancient crater^walls which overhang the crests of the slope, and had 
thence rolled down to the position in which we found them at about F in 
Diagram No. 3, which is a section of the slope of d^ris and of the sea- 
bottom in line extending from its base. In this line we took a few sound- 
ings at distances from the water-line at the base of the slope, which we 
had to guess. These distances, as guessed by me, exceeded those guessed 
by Colonel Yule, though not very greatly ; and I have preferred to adopt 
those derived from his military experience in guessing distances by the 
eye rather than my own. 
D 

Diagram No fS. 




V 



N 




It will be seen from these soundings that the statements made by the 
islanders, and wrongly attributed to Captain Smyth (see his • Sicily ' in 
loco), that the sea outside Schiarrazza cove is unfathomable, and hence 
swallows up the d^ris of more than 2000 years, is wholly erroneous. 
Indeed Smyth's soundings (' Sicily and its Islands '), as well as the Admiralty 
Chart, sufficiently indicate that for some miles in the offing here the 
Mediterranean does not exceed 100 fathoms in depth. The bottom along 
which I took these soundings consists of huge irregular and ovoidal 
masses, of 10 to 20 tons in weight, of volcanic rock, old and water- 
rounded. What, then, does become of the d^ris ? Its quantity, in reality, 
is extremely small in a given time. A very large proportion of it consists 
of mere dust and glassy or angular lapiUs, and these, if blown seaward, 
fall at a considerable distance away, and are lost in the depths ; those 
which &11 nearer, including the fragments that form the average mass of 
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the slope, are slowly removed and carried out into deeper water by the 
under tow of the heavy seas in winter, and are lost in the chinks and 
crevices between the huge blocks at the bottom, which I found to be so 
deep and tortuous as often to render the extraction of the sounding-lead 
which had entered them difficult. The lava ejected by Stromboli, whether 
in the solidified or half-melted state, is extremely dark-coloured, almost 
black. It is highly pjrroxenic and crystalline, and its fusibility is greatly 
increased by an intimate intermixture of dark obsidianic glass, of which 
particles as well as strings are met with everywhere. It is still leathery 
or plastic at a temperature considerably below a red heat, visible in day- 
light, and is probably in tolerably liquid fusion at a temperature not 
much exceeding 1200° Fahr. Its composition is by no means invariable^ 
as may be seen on the slope of debris ; and when the glassy material is 
very abundant, as from time to time seems to be the case, or from 
any of the causes which influence periodically the fluctuations of tempe- 
rature more or less observable at all volcanic vents, this lava would become 
extremely liquid and be blown about by the outbursts in the way some- 
what obscurely described by Hoffman, as well as urged in liquid flakes 
over the brim of the crater. The crystals of augite which are deposited 
in such abundance with the dust blown out may preexist in the lava, but 
appear to me, more probably, to be mainly formed by the disintegration of 
the hot lava by contact and churning up with water, under a considerable 
pressure and therefore high boiling-point, and perhaps by separation and 
recombination from solution of its constituents. The crystals, which 
are often an inch or more in length and frequently macled or cuneiform, 
have scarcely any lustre ; and when the surfaces are closely examined with 
a lens, they are often seen to be minutely pitted with microscopic cavities. 
We now come to collect and correlate our facts and draw such conclusions 
as they warrant in explanation of the mechanism which produces the 
phenomena of Stromboli. The supply of water producing the immense 
volumes of steam constantly blown off at the rate, on the average, of three 
or four outbursts per hour may be derived in part from percolated fresh 
water ; but this source alone, derived from the small gathering area of 
the island, would be wholly insufficient; and, were that the sole source, it 
would almost wholly fail towards the end of the dry seasoif, so that a 
marked annual change in the volcanic phenomena must result, and could 
not faO to be observed. The supply of water, however, is manifestly 
regular, and very nearly constant at all times, and therefore is derived 
from the sea, and thus must enter the tube of the volcano below the sea- 
level — that is to say, more than 400 feet below the lip of the tube at the 
bottom of the crater-funnel. Whatever be the source of supply of the 
lava, therefore, it can never fill the tube as a solid column of melted mat- 
ter reaching up to its lip ; for in that case, whatever be the mechanism 
of the volcano at each outburst, the whole of this immense colimin of 
melted matter of more than 400 feet in height must be blown completely 
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out of the tube, which actually is emptied, at the end of each outburst, of 
eTerything but gases and vapours, and these at a tension not greatly ex- 
ceeding that of the atmosphere. We do not know the average section 
of the tube, and therefore cannot calculate the volume of lava that would 
be propelled thus out of the tube, if previously filled by each outburst ; 
but it is manifestly so great that it would wholly change the character of 
the phenomena exhibited by the volcano, and must, during the last 2000 
years, have produced a mass of ejected matter of enormous magnitude 
instead of the insignificant amount of mixed lava and debris which alone 
are to be seen. 

Liquid or semiliquid lava does, however, continually make its way into 
the bottom of the crater-funnel and amongst the fragments collected there, 
which it more or less solders together, and along with which it is blown 
out at the outburst. Some may ooze into the tube lower down, and may 
more or less obstruct, but can never completely fill it. The walls of the 
tube, and those of all the fissures or cavities below the level at which the 
more or less fused lava reaches them, can scarcely have a lower tempera- 
ture, and are most probably at a higher one than the lava itself. If the 
tube of the volcano were the main, or only, ajutage through which the 
liquid lava, as well as the steam to blow it out, were supplied — if, in fact, 
the tube were the main duct into the lowest depths of which both the 
liquid and vaporous matters entered — ^then, at irregular intervals, the tube, 
and even the crater, must become filled, and the whole phenomena of 
eruption would not differ in character from the highly irregular paroxysmal 
efforts of any common volcano of like energy. The tube, then, here 
plays a different part from what it usually does, and constitutes an addi- 
tional element in its machinery, upon whose action in producing expulsion 
the rhythmical recurrence of the outburst depends. 

"We can now discern the very simple mechanism by which the actual 
phenomena are produced, a description of which will be rendered more 
intelligible by reference to the ideal Diagram No. 4, in which A is the 
lower part of the funnel of the crater, filled more or less with the frag- 
mentary mass which has faUen back into it from the preceding outbursts. 
B is a lateral duct conveying more or less liquid lava into the bottom of 
the crater. C is the tube leading to the bottom of the funnel from a 
depth considerably below the sea-level, supposed to be, at the line L, at 
about 400 feet below the upper lip of the tube. D is a duct communica- 
ting with the sea, and enabling sea-water to find access to the interior of 
the tube, and to rise therein, if otherwise unimpeded, to the sea-level. 
E is either a lateral duct or a continuation of the tube itself, through 
which steam at a high temperature and tension enters the tube at some 
point much below the level of the sea. The lava- and steam-ducts, B 
and E, may be supposed to come from the ancient great volcanic channels 
stiU remaining under the more central parts of the island, and which 
supplied its great ancient craters. The duct D may consist of many 
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small fissures, permittiiig sea-water to percolate through the mass of con- 
solidated and hardened Tolcanic rock, which, at this depth, constitutes the 
mass of the island, and in which all thr^ classes of ducts or channels, 
B, D, and E, are formed, most probably between the partings of super- 
imposed beds ; or a single large duct may bring in the supply of sea- 
water, and have such a form, however irregular, as to preclude the 
steam in the tube from blowing out into the sea, although haying a 
tension many times greater than the direct statical head of the sea-water 
itself*. 

Diagram No. 4. 



Sea. 




Sta'Uvel 



All of the three ducts, B, C, and D, may be multiform, irregular, and 
varied to almost any extent, provided only that they retain their relative 
positions, and these only within certain large limits, as shown in the 
Diagram No. 4. Supposing an outburst finished, and its fragmentary 
matter partly returned to the bottom of the funnel of the crater at A, the 
required conditions of whose form are only such that the fallen-back 

* The well-known phenomena of a tube re- Diagram No. 5. 

peatedly bent in a vertical plane filled with 
water, but containing air or vapour at the 
apper part of each of its bends, aa at a, a. 
Diagram 5, described in aknost all large trea- 
tises on hydraulics, may be referred to as 
Bufllciently illustrating what has been above 
stated. 
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d^ris shaU hare some sort of landing-place and support for the larger 
portion of the mass, so as not all to drop into and permanently block the 
tube. The lava oozing from the duct, or ducts, B, escaping amongst these 
fragments, solders them more or less together ; and in proportion as its 
rate of supply is greater or less, some of it may overflow and drop, in a 
more 'or less liquid state, into the tube C and into whatever water it may 
contain. The tube, however, is emptied at the outburst of nearly all 
that it contains, and the tension therein being that of the atmosphere, or 
little more, the sea-water again begins to fill it by the ducts D. This 
water is already probably considerably warmed in the ducts D; it receives 
accessions of warmth from the sides of the tube and from the continual 
blowing into it of superheated steam and vapours through the ducts E, 
whose temperature is probably not far different from that of the lava at B. 
The column of sea-water rises in the tube to a level, we will suppose S, by 
which time the boiling-point has been reached at the lowest point of the 
column, namely, that due to the statical head of water, and to all such 
obstructions above the lip of the tube as tend to hinder the escape and 
so increase the tension of the vapours and gases occupying the otherwise 
empty upper part of the tube. At such an instant, the whole column 
may be lifted through a few inches or feet vertically by the steam locally 
generated at the bottom of the tube ; and as this incipient evolution of steam 
escapes upwards the whole column of liquid wiU be suddenly dropped 
back upon the bottom of the tube, to be again similarly lifted, and so on 
until every portion of the column of water has acquired the full boiling- 
point due to its depth, <&c. This is the cause of the detonations heard 
before the outburst. As soon as this has been reached, the whole mass 
of water below 8 is driven violently upwards, and partly by its impulse, 
but mainly by actual steam-tension, drives before it the mass of obstructing 
matter filling the bottom of the funnel at A, and the whole is driven 
forth together in a mingled cloud of dust, stones, shreds of half-melted 
lava, steam, and pulverized water. When the tube is left empty, and 
after the faU back of the fragments, the whole apparatus is ready for a 
repetition of the process. It is obvious that the depth of the tube below 
the level of the sea, and the temperature of its sides and that of the 
steam entering at E, determine the force of the outburst, that the rate 
of supply of water and steam determine the intervals between the out- 
bursts, and that the proportion between the volume of steam and that 
of pulverized water, at each outburst, depends upon the capacity (that is, 
the greater or less section) of the tube C. If that be narrow in proportion 
to its total depth, as is probably the fact, then very little water will be 
ejected in any state but that of steam. It is not necessary that the 
temperature of the column of water in any part of the tube C should 
ever reach the tension due to a temperature equal to that of the lava 
escaping from B ; it only needs to be such as shall raise its own column 
to the lip of the tube and overcome the obstructions there encountered 
with a sufficient residual tension left to blow these a greater or less height 
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into the air. The augite crystals are probably formed within the, tube, 
from small portions of lava dropping in a liquid state into the water it 
contains. 

Reverting now to the remarks made at the beginning upon the relations 
traditionally said to exist between the phenomena of this volcano and 
the state of the weather. It is obvious that the notions of nicely bal&nced 
equilibrium in a tube always filled to the lip with liquid lava can no 
more account for any such relation with the weather than it can expkoii 
the rhythmical recurrence of the outbursts themselves ; and if supposed 
relations with changes of weather, as alleged to be indicated by Stromboli, 
could be thus explained, every constantly active volcano in the world 
would be equally a " weather-glass." Kilauia, for example, must present 
upon an exaggerated scale all the weather-prognostics attributed to 
Stromboli. In examining the vague statements made upon this subject, 
we should bear in mind the extreme incapacity of ignorant peoples to 
observe phenomena with accuracy, their proneness to exaggeration, and 
the readiness with which they accept traditional statements, however 
improbable. The statements made to me by several of the more intelli- 
gent people of Stromboli as to the. height to which stones were alleged to 
be thrown, viz. far above the highest point of the island, as to the filling 
of the crater brim-full with liquid lava (which, however, no one had actually 
himself seen), and the forcing through the slope of debris of vertical dykes 
thereof, as well as the projection of the huge blocks we saw at the bottom 
of the slope, and such like, should be borne in mind before we attempt to 
square theoretic \dews with statements of facts that probably have no 
real existence. The only intelligible statements that I could gath^ from 
the inhabitants of Stromboli as to relations between the weathw and 
their volcano resolved themselves really into two propositicois : first, that 
in fine weather the light reflected upwards from the crater was more 
brilliant, and apparent at a greater distance, than in windy or uncertain 
weather ; secondly, that in cold and broken weather the light was dimi- 
nished, and a heavy cloud of vapour hung more or less over the crater. 

These are intelligible facts, and admit easily of being accounted for on 
well-known meteorological principles. A tendency, though not a marked 
one, to the production of sea- and land-breezes in the morning and even- 
ing is observable in these islands, the sun-heat during the day being 
often very great, as also the nocturnal radiation. These, taken in con- 
nexion with the prevailing direction of the wind at a- given time, viz. 
whether it sweeps over the island and over the highest points from the 
southward and eastward, or blows against its steep north-western face 
and into the crater, wiU, by altering the state of the atmosphere above 
the latter, tend to produce changes both in the light and in the vapour- 
cloud of the volcano. But that there is any real connexion, in the way 
of direct cause and effect, between the energy or frequency of the out- 
bursts and the state of the weather, or fluctuations of barometric pressure, 
or vice versd, seems devoid of any foundation whatever. 
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" A Contribution to the Anatomy of Connective Tissue, Nerve, 
and Muscle, with special reference to their connexion with 
the Lymphatic System/' By G. Thin, M.D. Communi- 
cated by Professor Huxley, Sec. R.S. Received April 22, 
1874* 

I published in the * Lancet ' of the 14th February of this year a paper 
entitled " On the Lymphatic System of the Cornea," in which I endea- 
voured to show that the canals in that structut^ in which the nerves lie 
communicate with the lacunsB, that the straight canals and lacunae are 
connected by means of a continuous layer of flat cells, the margins of 
which are indicated by the well-known action of nitrate of silver, and 
Ihat these cells are not the anastomosing so-called cornea-corpuscles, but 
that the flat cells line the lacuna, while the branched cells fill the cavity. 

I have lately undertaken a series of further investigations on the same 
subject. 

Li order to corroborate the results yielded me by the nitrate of silver, 
I availed myself of the well-known property which hematoxylin pos- 
sesses of specially staining the nuclei of cells. I allow the cornea to 
remain in the solution until it is perfectly saturated. Subsequent mace^ 
ration in acetic acid removes the hasmatoxylin from the fibrillary sub- 
stance before it bleaches the nuclei. On comparing a cornea so treated 
with successful preparations of the cornea-corpuscles as obtained by 
chloride of gold, it is found that the number of cells demonstrated by 
the hsBmatoxylin exceeds by several times that found in the gold prepara- 
tion, affording direct proof of the existence of other cells in the cornea 
than those known as the cornea-corpuscles. 

If a vertical section of the cornea is so treated by hssmatoxylin and 
acetic add, in many of the clefts in the fibrillary substance, in which, as 
is well known, the cornea-corpuscles are situated, several nuclei are seen, 
proving in another way the existence of a greater number of cells than 
those hitherto accepteid by anatomists. 

But in addition to the proof afforded by staining the nuclei of the 
cells, I have, by the application of a new method, been able to isolate 
(and thus demonstrate beyond all further possibility of doubt their exist- 
ence in the cornea) a large number of cellular elements, the varied size 
and shape of which distinguish them not only from the cornea-corpuscles, 
but from any anatomical structures that have been as yet described. 

If a cornea is placed in a saturated solution of caustic potash, at a 
temperature between 105° and 115® Fahrenheit, it is reduced, in a few 
minutes, to a white granulated mass of about a fourth of its previous 
bulk. In a small piece of the diminished cornea, broken down with a 
needle and examined under the microscope in the same fluid, it is found 
that the only visible elements are a great number of cells. If the con- 
* Bead June 18, 1874. See anU, p. 380. 
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junctival epithelium of the cornea has not been previously removed, the 
cells of that structure can be recognized amongst the others ; and if the 
mass under examination has not been too much broken up in manipu-* 
lating, groups of them may be seen in direct anatomical continuity with 
long narrow flat cells, which belong to the elements that have been for 
the first time brought to light by the potash solution. 

But the ceUs of the anterior or surface-epithelium form a very small 
proportion of the number. The smallest piece that can be removed by 
the needle from a cornea which, before being put into the solution, has 
had this epithelium scraped off and Deicemef s membrane removed, shows 
under the microscope a multitude of cells. Of the branched corposdesy 
the fibrillary substance, and nerves, not a trace is visible. 

The form of these cells is so various that it would be difficult to eon* 
struct a series of types under which every individual cell could be 
brought. They seem in their development to have assumed any modifi- 
cation of form that is necessary to enable them to fit acciurately the 
cavities and fibrillary bundles to which they are applied. 

Those whose outlines do not permit their being accurately described as 
belonging to a strictly defined type, are many of them somewhat qua- 
drangular or triangular in form, or dub-shaped, with a short or long 
projecting process. Of fixed and definite types are long narrow rods, 
ending obliquely at the point, and oblong cells intersected at one end by 
a notch, which receives the extremities of two of the long cells that lie 
parallel to each other. 

I do not attempt to give an exhaustive account of the various fonns 
assumed by these cells. 'A better idea than can be given by any de- 
scription will be got by antexamination of figs. 1, 2, 3, Plate VlU., in 
which many of them are represented ; but an examination of the first 
prepared cornea will show that there are many forms and modifications 
which have not been drawn. 

The cells are granular in appearance, with sharp clear outlines. The 
terminal surfaces of the long cells can often be seen to be finely serrated ; 
and so closely do they fit each other at these points, that sometimes a 
high magnif3ring-power is necessary to discover the suture-like line by 
which the junction is indicated. 

The nuclei of all the cells have nearly the same length, but in the 
narrower ceUs the nucleus is often much compressed transversely. 

The long cells are many of them 0'09 millim. long and from 0*006- 
0*003 millim. broad ; the shorter cells are broader. Those 0*06 millim. 
long are generally about 0*009 millim. broad. A length of 036 millim., 
with a breadth of about 0*015 millim. is common ; others are 0*03 millim. 
long and 0*012 millim. broad. 

I have chiefly examined the cells in the cornea of the ox, sheep, and frog, 
and have found no important differences either in shape or arrangement. 

In examining portions of the cornea which have been as little dis- 
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turbed as is consistent with the maintenance of transparency, groups of 
cells are found massed together in situ, as they have been left by the dis- 
solving out of the fibrillary substance by the potash : these are found 
chiefly in two forms. Transverse masses of^ the anterior epithelium are 
found sutured to long narrow cells, which sometimes seem to join them 
at an angle, 

Purther, flat quadrangular masses of a single layer of cells are found 
formed in the following manner : — Of two opposite sides the external 
rows are tosmed of more or less rounded and angular cells, to which are 
joined long narrow cells that lie parallel to each other. Those from each 
side respectively meet in the centre, where they join. The remaining 
sides of the quadrangle are formed by a side view of these various cells, 
where they have been detached from the adjoining ones in the breaking 
down oi the cornea mass. 

The coincidence between the breadth of the long narrow cells and the 
fibrillary bundles of the comearsubstance, as seen when prepared by the 
ordinary methods, is evident, the continuous planes formed by their junc- 
tion indicating that they fonn layers between which it is enclosed. 
According to this view, the ground-substance is everywhere encased in 
a sheath of ceUular elements. 

Bowman's corneal tubes I believe to include both the straight canals 
described in the paper above referred to and the spaces between the 
long cells widened by injection, chiefly the latter. 

Although I have nothing to add to the description of the mode of pre- 
parati(m which I have already given, I must state that there are conditions 
of success, as to the nature of which I have not*yet come to a definite con- 
clusion. ' Sometimes the same solution, applied at the same temperature 
to different come», succeeds in one and fails in another, and sometimes 
a solution prepared with every precaution has failed to afford me any 
result. The two essential conditions to success are complete saturation 
and temperature. I have never succeeded with a temperature above 
120^ nor with one below 102^ ; and so sensitive is the solution to mois- 
ture, that preparations sealed in it with asphalt seldom keep longer than 
one or two days, except in very dry weather. On a damp day I have 
known a successful preparation left on the object-glass disappear in six 
hours. The corneal mass may be kept unaltered for at least some weeks 
in the solution by running sealing-wax round the stopper of the bottle. 

A perfectly successful preparation shows nothing but the cells. Un- 
successful preparations, especially those prepared with too hot solution, 
show globular masses unlike any anatomical element ; others, especially 
those prepared at too low a temperature or with imperfect saturation^ 
show masses of hexagonal crystals like those of cystin. 

To sum up, I believe that there exists in the cornea : — 

I., the fibrillary ground-substancei which is pierced by straight canals 
and honeycombed with cavities ; 

2e2 
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II., flat cells, wWch everywhere cover the fibrillary bundles of' the 
former and line the entire system of the latter ; 

III., the cornea-corpuscles of Toynbee and Virchovir; and, 

IV., the nerve-structures -of the tissue. 

The cornea-corpuscles and the nerves lie free in the canals and<)imtie9, 
and between them and the epithelium there is a fluid-^ed space xrfatoh 
permits the passage of lymph-corpuscles. 

It is therefore proper to regard the canals, cavities, attd iiitei^ 
fibrillary spaces as forming a continuous and integral part of th^ iym^ 
phatic system, the latter having to the former the same relation l^iat 
blood-capillaries have to the veins. 

The junction of the flat cells of the fibrillary substance with *he 
epithelium of the surface justifies the inference that the intereeUldar 
spaces in the anterior epithelium of the cornea communicate vnth the 
lymph-spaces in the ground-substance, and that the position of'neaVe- 
fibrillsB between the epithelium is a continuation of the similar relatvoD 
that has been demonstrated in the substance of the struettirei 

It is a reasonable hypothesis that what can be defitliteiy «fitalbtidhed 
for the cornea holds good for the other forms of connective tissue^ 

I have accordingly submitted tendon to an examination by diffettsnt 
methods, with the view of obtaining evidence of the existence in' that 
structure of cells other than those arranged longitudinally between the 
bundles, the nature of which has lately been carefully investigated by 
Boll, Spina, Ranvier, and others. 

If the tendo Achillis of a frog, or the tendons of a mouse's tail, fixed 
according to the ingenious method described by Banvier in his fiwt 
paper*, are treated by nitrate of silver, care being taken to avoid f rictiOQ 
of any kind, it is found that every part of the free suiface of the Imndlet 
is covered by a continuous epithelium. In the tendo Aehillis o£ the frog 
I have seen lymphatic capillaries distributed over this surfaco; and the 
epithelial markings can be traced from the ceUs covering the bomdles 
into those of the vessels. A preparation from the tful of the mousey 
showing this epithelium, is represented in fig. 4, Plate IX. 

If sections of tendon are placed for several hours in a strong soliitiaii 
of extract of logwood and alum, and the dye then washed oat by concen- 
trated acetic acid, it is found that while the fibrillary substance beoomes 
clear and transparent, the nuclei retain their colour. Tim is best done 
under a cover^lass and under the microscope, as the effect of -thoiacid, 
if kept too long in contact with the preparation, is to diseolaur tha 
nuclei also ; the weight of the covering-glass is sufficient to |»etent'tiie 
otherwise invariable distortion of the preparation by tiiB acid;< If* the 
prepaipation is intended to be permanent, all traces' of the adid tamst be 
removed by a current of distilled water. 

The effect of this treatment is to show that <there exists in tendon a 
* Archives d© Physiologlei 1869. ^ ** 



Digiti 



ized by Google 



Connective Tissue, Nerve, and Muscle, 519 

{«r greater. number o£ cells than can be seen in the most successful gold 
preparations. The figures illustrating the structure of tendon usually 
given by investigators account for only a portion of the cells whose exist- 
ence is thus proved — that portion, namely, which consists of the rows of 
cellfii o<^eu]pying the stellate spaces, and which colour easily in gold and 
oarmine* In longitudinal sections, prepared by the method I have above 
described, not only are the nuclei much crowded together, but two are 
frequently seen on the same level, and applied to the opposing surfaces 
of contiguous bundles. In transverse sections a similar arrangement 
is found. The nuclei between the bundles are very numerous ; two are 
often found together on opposite bundles ; and in one stellate space three 
and four nuclei can often be found at the same level. 

Thi0 is clearly a condition to which the so-called division of the 
naclana is not applicable. 

li we believe that each of these nuclei represents a cell, the 
oottduaion is inevitable that, in addition to the cells hitherto de- 
scribed and oceupying the centre of the stellate spaces, there exists 
another and very numerous class of cells apphed to the surface of the 
bundles. 

Thb effect of hfismatozylin and subsequent action of acetic acid on 
aeddons ol tendon is perfectly analogous to that similarly produced in 
aeotions of eornea. 

The treatment of tendon by the potash solution has seldom yielded me 
satisfactory results ; but when it has succeeded, I have found confirmation 
of tiie inf^mices I draw from the effect of the saturated solution of 
hnmatoxylin. A reference to figure 7 (Plate IX,) shows that while many 
of the cells isolated by the potash correspond to those found on the sur- 
faoei, others are similar to the long narrow ceUs that cover the fasciculi 
of fibrillary tissue in the cornea, and do not resemble in shape, even 
approximately, the superficial elements defined by nitrate of silver. Al« 
thoogk I haye not succeeded, as in the case of the cornea, in reducing 
tendon to a mass of these cells, I consider it a fair inference that the 
long narrow cdls I have seen are samples of cells that invest the fas^* 
cienli of fibrillary tissue. 

The comparative diiEculty in successfully treating tendon by potash 
is-probaUy dae to the denseness of its struoture. 

It ia in regard to the branched o^s, which I hold to be the analogues 
of the branched eomea^cells (corpuscles), i^t the important fact demon-> 
8tDRBted> by l^ina, that it ia on the sur&ce of the cells that the fibres of 
elastic tisane ore formed, specially applies. 

In the eentrom tendineum of the rabbit the continuity of the flat 
cella^ which in silver preparations are considered to indicate lymphatic 
vessels, with cells covering the fibrillary substance can be shown to a 
greata* or less extent^ according to the success which has attended this 
difficult manipulation. That it often. succeeds in patches, is shown by 
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the plates that illustrate works on this subject, although the inf uence 
of Von Eecklinghausen's doctrine (namely, that wherever an epithelium 
is found a lymphatic capillary must be supposed to exist) has led to what 
I belieye to be their true nature being overlooked. 

From a similar cause to that encountered in tendon, the complete re- 
duction of the dense corium of mammals by potash is very difficult ; but 
by treating thin sections of fresh cutis, isolated flat cells are found. 

In the cutis of the frog, the bundles of fibrillary tissue are arranged in 
parallel layers, and the corium being thin, the demonstration of flat cells 
is easier. And here the continuity of these cells with those of the rete 
Malpighi is evident, in the same way as the cells of the anterior epithe- 
lium of the cornea are continuous with the flat cells of the interior of 
the structure. 

Figures 11 and 12, Plate X., represent flat cells from the skin of the 
ox and frog. 

I make the same inference in regard to the communication of the 
spaces between the cells of the rete Malpighi with the lymph-spaces of 
the corium, that I make in regard to the similar arrangement in the cornea, 
both as regards anatomical continuity and in regard to the position of 
the nerves in the spaces. Langerhans has described the network of 
nerve-flbres in the rete Malpighi, and, in that of the cutis of the rabbit, 
the rich network in the spaces between the cells is not very difficult to 
demonstrate. In the skin of the finger, I have traced a medullated nerve 
as high as the third layer. 

Eanvier, in that part of his essay which treats of the SlSmenis eeUu^ 
hires du tissu isonjonctif Idche, describes an entirely different anatomical 
element from that on which the authorities with whom he is La contro- 
versy had fixed their attention. The cells figured by him* are the same 
as those isolated by potash when very thin pieces of skin or areolar tissue 
are operated on. As described by him, they are applied closely to the 
bundles. But when he attempts to show that the connective-tissue cor- 
puscle of Yirchow does not exist, and that the appearances by which it is 
distinguished depend on an optical delusion, I believe him to be mistaken. 
In skin and subcutaneous tissue the chloride of gold brings out in the 
clearest manner the existence of nucleated cells with long projecting pro- 
cesses stretching between and around the bundles, the whole of the 
cells being connected by the anastomoses of their processes. So com- 
plete is the analogy between skin and tendon, that it would be easy to 
find parts of a successful gold preparation of skin where the diagnosis 
between skin and tendon might be difficult. 

Figures 13 and 14, Plate X., illustrate the appearances presented by 
the branched cells in skin. 

A history of the opinions held regarding the structure of the con« 
nectiYo tissues since th^ time of Schwann is equally beyond thQ scope of 
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this paper and my acquamtance with the literature of the subject. It 
is, howeyer, well known that while twenty years ago the so-called con-> 
nectiye-tisaue corpuscles were believed to be concerned in the formation 
of elastic tissue, with the development of Virchow's doctrine of cel- 
lular pathology, this opinion seems to have been gradually abandoned, 
even by those who, like Yirchow himself, had originally maintained it. 
Banvier, whose investigations seem to have been conducted in singular 
independence of contemporary theories, holds that the first step in the 
appearance of elastic tissue is the formation of *^ granuJaHong rSfringentes^^' 
traceable in the fully developed fibres. 

In the spring of 1873, while investigating the structure of the touch- 
corpuscles of thd finger, I found that the much-discussed cellular ele- 
ments of these bodies, which colour in gold and carmine, anastomose with 
each other by means of fibres that resist prolonged maceration in con- 
centrated acetic and dilute mineral acids, and I described them, in the 
account I gave of the results of my investigation, as " elastic tissue fibres." 
At the same time I found that similar cells and fibres form a thick net- 
work in the corium. Simultaneously, Spina made his exhaustive study 
of the connexion of the elastic fibres in tendon with the walls of the 
cell, to which I have already referred. 

Since that time, I have continued to subject the skin and subcutaneous 
tissue to treatment by different methods, and the results have been con** 
firmative of those I obtained in Vienna. Shortly expressed, the con- 
clusion I have come to is, that, in skin, all the branched cells form elastic 
tissue on their surface and on their processes, and that there is no elastic 
tissue anywhere that is not so formed. 

The cells found in connective tissue are divisible, as I believe, into two 
distinct chisses. There are, first, the flat cells which never branch, and 
which, when treated by nitrate of sUver, present appearances identical 
with those produced when the flat cells of serous membranes are simi- 
larly treated ; secondly, there is the system of branched cells in its va- 
nous forms. As contrasted with each other, they may be described simply 
as the flat and branched cells of connective tissue*. Between these 
two classes of cells there is no transition and no anatomical continuity. 
The forms oi the branched cells embrace all the gradations between the 
fine network of a lymphatic gland and the anastomosing network of the ' 
strong fibres in skin and tendon. They are distinguished by their pro- 
ceases, their capacity to form a substance that resists acetic acid — the 
power, namely, of forming the resisting element specially characteristic 
of ehistic tissue. That they do not all exercise this latter power to 
the same degree, does not constitute a sufficient difference te make 
it necessary to regard them as separable into classes essentially distinct. 

The ligunentum nuchsD may be taken as the type of the stronger forms 

* To flftt cells the term plaeoids has b^en applied b^ Pr» Burdon 9tmd«Tsonr tht 
equir^l^ot of th^ Carman fkttm% 
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of elastio tissue ; and I select it for thifl reason to prove the cellular ongiii 
of its fibres. 

If a thin piece of the ligamentum nuohffi is stron^j coloured bj chloride 
of gold and gently teased in glycerine, ih&c^ will be found a number of 
oval nuclei lying loose amongst the fibres. But careful examination. 
shows similar nuclei still adhering to many of the latter ; and in 8ome 
instances the remains of the protoplasm of the cell can be seen around 
the nucleus and adherent to the fibre. The nucleus and ceU-remains are 
often found at the point of the division of a fibre into two, and indicate 
the original processes of the cell in the embryonic state. 

If a portion of the same gold-stained ligament is further phM)ed ia a 
very strong solution of- hsematoxylin and alum for twelve hours, and 
then carefully spread out for esounination, the appearances will be found 
to have considerably changed. If the preparation has not been roughly 
handled, the astringent effect of the latter solution has caused the clear 
outlines of the individual fibres to disappear, and, in their stead, there are 
flat bluish bands in which fine dark lines connecting oval swellings are 
seen. The latter are the nuclei, and the lines are permeable canals in 
the elastic fibres, which have become filled with the hs»matoxylin solution. 
Both these conditions are depicted in figures 15, 16, and 17, Plato X. 

The formation of the elastic substance on the surface of the cell, as 
described by Spina in tendon, applies universally, and also holds good for 
the cell-processes. But the part of the cell-body that does not enter into 
the formation of this resisting substance, so far from sharing the strength 
of the new tissue, becomes more easily disintegrated than at an earher 
period of its development, and can be found only when the tissue is 
cautioualy manipulated. But sufficient staining with gold, and care in 
operating, will demonstrate the cellular origin of elastic fibres in whatever 
tissue they occur. 

Yirchow, as is well known, vindicates for his connective*-tis8ue corpus- 
cles the character of a connected chain of plasmatic canals, and I have re- 
marked above regarding the tubular nature of the fibres of the ligamentum 
nuchse. That every elastic fibre is permeable to fluid is highly probaUe, 
though not yet proven. This tubular nature of the larger fibi^ has pro- 
duced one of the difficulties of the rec<^;nition of the connexion of the 
fibre with the cell. The chloride of gold colours the protoplasm of a cell, 
with which a fully developed fibre is continuous, a faint purple ; and when 
the tinting is continued into the process, it is the contents of the tubular 
^pace that are coloured. The elastic fibre, unless carefully examined in 
a good light, is apt either to escape observation, or seema to run past the 
cell without being in continuity with it. 

This difliculty has been increased by a chemical difference between the 
cell and the elastic tissue to which it gives origin, so that many reagents 
and modes of treatment, that by potash-lye for instance, dissolve the cell 
but leave the fibre untouched. Hence the methods that ha^'c been most 
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used for establishing the individual characters of elastic tissue have been 
instrumental in producing erroneous notions as to its origin. 

Thus we have in skin, as in tendon, bundles of fibrillary tissue every- 
where covered with flat cells, and, in the interstices of the bundles, the 
analogues of the branched cells of the cornea, producing a ramifying net- 
woric of elastic tissue. 

In gold preparations of the skin, the blood-vessels and nerves can be 
followed between the larger fasciculi, analogously to the position of the 
nerves in the cornea. 

Fascia difEers from skin and tendon only in so far as iU flatness permits 
and necessitates a change of form in the flat cells, and the easy study of 
their arrangement and nature by nitrate of silver. If a half per cent, 
solution is injected under the skin of a mouse's back and the animal killed 
in from five to ten minutes afterwards, and the skin of the back dissected 
off, the fasda which has been in contact with the silver is recognized by 
its milky whiteness and csdematous condition. If spread out carefully 
on- the object-ghiss in glycerine and exposed to sunlight, it is seen to be 
plated over with oblong or slightly rounded cells with large nuclei. 
figure 8, Rate IX., is a sketch from a part of a preparation so obtained. 
The cells separated from the same structure by potash are represented 
in figure 9, Plate IX. ; it will be observed that they are identical in 
appearance. Figure 10, Plate IX., illustrates the very large flat cells, 
with their nuclei, that cover the fascia of the muscles of the thigh of the 
frog. 

Frequently, but not so constantly, the branched cells are also stained 
by the silver, and they are generally found at a different focus. 

Banvier ('Archives de Physiologic') has described flat cells on the 
sheaths of nerve-fasciculi and the investing membrane of nerve-bundles 
as constituting a lymphatic sheath. 

By means of the saturated potash solution I have been able to satisfy 
myself that, not only are the nerve-bundles surrounded by lymphatic 
sheaths, but that each medullated nerve-fibre is invested with a layer 
of flat cells. This layer is closely applied to the medulla, and is 
internal to the sheath of Schwann. It is composed of extremely fine 
and delicate cells, and their demonstration by potash succeeds less fre- 
quently than does that of the cornea-cells ; they are (as far as I hav# 
seen) without exception long and narrow, often tapering to an exceedingly 
fine point. In the finest forms their cellular nature is only to be distinctly 
made out by a magnifying-power of 700 or 800 diameters. Figure 18, 
Plate X.y represents varieties of these cells and their relation to the 
medulla. (Their length varies from 0*075 to 0'036 millim. ; many of them 
are not more t^ian 0*0015 millim. broad. Appearances are sometimes seen 
thait would seem to indicate that the sheath of Schwann (tubular mem- 
brane) is lined by a layer of flat cells, distinct from that covering the 
medulla (white substance). The medulla, when treated by potash, presents 
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a series of bulgings, so that its lateral (optical) borders are desigiiated by 
irregularly waving lines. One set o£ delicate cells can be seen closely 
following the sinuosities of the substance, while another set, more external, 
lie in a straight direction parallel to the longitudinal axis of ^ &bre. 
Where the medulla is constricted, there is a dear space between these 
two sets of cells, which are in contact at the convexities formed by the 
bulgings. 

B J adhering to the broad principle that wherever there is a nudeua 
there is a cell, the existence of a great number of cells surrounding the 
medulla of a nerve-fibre can be demonstrated in another way. If a nerve 
is placed in absolute alcohol for twenty-four hours and then very gently 
disentangled from the sheath in glycerine, a cover-glass put on and solution 
of hematoxylin drawn through the field by filter-paper, the nuclei of the 
fibres stain first, and their number soon becomes very striking. If the 
field is allowed to become saturated and obscure with the dye, and then 
subsequently cleared up by acetic acid, those fibres which have not 
suiSered by the manipulation are literally dotted over with nuclei. The 
number is so great as at once to dispel the idea that they can be accounted 
for by the sheath of Schwann. The nuclei of the sheath can often be 
distinguished from the others by their more external position relative to 
the nerve and a deeper tint. Figure 19, Plate X., is drawn fnnn a pre- 
paration made ia this way. 

The ring which, as Banvier was the first to show, snares the meduUated 
fibre is well seen when the nerve is treated by absolute alcohol or the 
saturated potash solution, both of which leave the medulla untouched. 
As at the seat of this constriction the medulla is deficient, and as the 
nerve-fibre is bathed in lymph, it is evident that there must be at these 
points a very intimate connexion between the lymph-fluid and the axis- 
cylinder of the nerve. This has been already indicated by Banvier in his 
essay on the lymphatic nature of the nervensheaths, and receives greater 
force now that we know that flat cells, indicative of lymphatic structures, 
are situated on the fibres themselves. 

The use of hsBmatoxylin is as advantageous in demonstrating the large 
nuclei of the flat cells of the nerve-sheaths as it is in showing those of 
tendon. 
^ Banvier has observed that in transverse sections of nerves the sheaths 
and connective tissue surrounding the fibres stain more deeply with car- 
mine than the surrounding tissue does* 1 have made a similar observaticm 
in the nerves of the skin in gold preparations which had been macerated 
in acetic acid. In this case the concentrically arranged connective tissue 
of the nerves is conspicuous by its pearly whiteness. But as we know 
that the surrounding corium is equally rich with the nerve in lymphatic_ 
structures, the cause of the difference in colour must be sought elsewhere, 
and will probably be found in relative differences in regard to the ar* 
iftngement gi the ^lustiQ tJBsue« 
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By combming several methods of inyestigation, I belieye I have sac- 
oeeded in clearing up some points in the anatomy of muscular fibre, 
by which it will be seen that, as regards the lymphatic system, muscle 
occupies a position almost identical with tendon and connectiTO tissue 
generaUy. 

If fresh muscle is deeply stained with hsBmatoxylin and then treated 
by acetic acid and gently teased, the perimysium of the bundles and its very 
fine continuation around each fibre are seen to be studded with large roimd 
nuclei, which are far more numerous than those of the branched cells, 
which are also seen. The round nuclei belong to the flat cells of the 
perimysium. 

I have been able to demonstrate the character of the cells by teasing 
the living muscle of the frog in aqueous humour, and thence transferring 
the separated fibres to the nitrate-of-sUver solution. The usual sinuous 
lines are then seen both on the general and special perimysium* This is 
Tepresented in figures 5 and 6, Plate IX. 

When muscle is treated by the saturated solution of potash, as above 
described, the fibres are found unaltered, the striated appearance being 
well marked. There is no vestige left of the perimysium. On the naked 
surface of the sarcolemma, a number of round distinct nuclei are seen ; and 
"vdien they happen to be on the edge of the fractured fibre, it is seen that 
they are situated on its outer surface. 

If the saturated potash solution in which the muscle is placed is kept 
for about an hour at a temperature of 110° Fahrenheit, and then allowed 
to cool gradually, we find a further effect has been produced. 

On breaking down a piece of the muscle into its individual fibres, we 
find that although some of these are unaltered, others have lost all their 
nuclei, and present the appearance of a coarse granular cylinder. But 
there is sometimes a transition stage seen of peculiar interest. On the 
surface of the fibre the outlines of a series of quadrangular cells make 
themselves visible, each cell having a distinct nucleus ; and it is easy to 
satisfy one's self that the nuclei of the cells are identical with the nuclei 
seen previously distributed over the surface of the sarcolemma. These 
cells are sometimes also seen free in the solution, in which case they are 
generally more or less broken up, but sometimes they are seen isolated 
in perfect condition. Figure 21, Plate XI., shows the cells becoming de- 
marcated on the fibre, and figure 22, Plate XI., their appearance when 
isolated entire. The sarcolemma is sometimes seen freed both from the 
cells and their contents ; and in this case the striped cylinder which may be 
seen near it is beset with small perforations. 

The sarcolemmaof muscle is thus covered with fiat cells, regular inappear- 
ance and outline, which resist the action of a saturated solution of potash. 

But the action of the potash teaches us something more. A fibre is 
sometimes found apparently unaltered^ smooth in its c<mtour, and still 
showing something of the striated appearance^ bnt ohowing no^ nBeioi, 
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One or more round holes are, however, seen on the pieces of broken musclar 
cylinder, the more conspicuous because the nuclei are absent ; they ai« 
about the size of the blood-corpuscle of the frog. By changing thefooua* 
it is seen that each hole is only oa t)ne side of the fibre* The sharp 
deamesB of their outline shows they are not artefacts, but spaces in which 
the sarcolemma is wanting (figure ^3, Plate XI*)« A further action q£ 
potash is seen when a muscular fibre is found channelled with one or more 
canals parallel to the long axis of the fibre. The canak thus seen aro 
uniform in breadth ; they are formed by rows of vacuoles, which corrB^ 
spend in shape and size to the nuclei of cells. (I had observed in study- 
ing the oomea that the first stage of the destructicm of the flat cells, in the 
potash solution, is a vacuole taking the place of the nucleus.) By changbig 
the focus, it is seen that these channels are in the substance of the fibre* 
Smaller channels and single vacuoles are seen in different planes. 

A more extended degree of ihe action of potash on a fil^ it when the 
central canal has no longer sharp outlines and is seen to contain granular 
d^ris* 

Treatment of mnscular fibre by hnmatozylin gives, as regards nuolet, 
results confirmatory of those got by potash, in so far as a still greater 
number of nudei are seen internal to the sarcolemma than is indicated 
even by that method. To obtain the best results from hematoxylin, the 
filnres should be isolated before being dyed. The excess of colour being 
removed by acetic acid, the nuclei become distinct ; they are seen to be 
arranged in long rows, those of (me row being in the same plane* Iscriated 
nudei are seen in different planes. Au idea of their number is best 
formed from the appearance presented by the broken end of a fibre when 
it is turned upwards, giving a view equivalent to a transverse section* 
The whole thickness of the fibre is then seen to contain nuclei, in the arr 
rangeroent of which something of a concentric disposition can generallx 
be obserFed* The nudei are large and oval, and contain one or two 
distinct nucleoli. If the substance of the fibre has been teased, it is seen 
that the fibrillaB are arranged in bundles which have an equal thickness, 
and isolated nudei are seen adhering to their surface. 

The inferences that are irresistible from these appearances prepare the 
way to readily understanding the more dedded effects of an appropriate 
treatment by diloride of gold. The conditions of a successful examina- 
tion of a muscular fibre by gold include the detadmient of the perimystom 
from the fibre without injuring the latter, the obtaining good transverse 
tiews in the preparation, and the requisite degree of colouring. As it is ian 
possible to ensure beforehand a combination of these favourable condi* 
tions, it is evident that, with equal care, success is not unifomu The 
results which I now give were obtained by teasing the musdes of the 
thigh of the frog in aqueous humour before staining with gold. 

In the most perfect preparations thus obtained, tiie structure of a mas^ 
Cular fibre is seen to be almost identical with that of a faseicnlus of 
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tendon. Longitudinally the fibre is seen to consist of parallel bandies 
of tmifonn width, separated bj spaces that aro indicated by distinct Hnes ; 
and, distributed at intervals in the lines, are oblong nuclei, the long axis 
of which is parallel to that of the fibre. The breadth of the bundles is 
about the same as that of a secondary bundle in tendon ; their surface 
is smooth and homogeneous (figure 25, Plate XI.)« 

A transverse view, corresponding to that of a cross section of tendon, 
shows <^ muscular substance intersected by stellate spaces, in some of 
which nuclei are seen, and, branching out from the spaces, a rich anasto- 
monng iietwork of fine dark lines divides the substimee of the fibre into 
a number of compartments. Between the appearance I have just described 
taaA,i^Bk of a cross section of tendon similarly prepared, the aolj difference 
is that, in muscle, the fields enclosed by the dark lines are dotted over by 
minute pmnts, which may indicate the fibrillaB. 

Nud^ are always seen in fibres successfully stained with gold, and 
especialiy when the fibre is separated by teasing into the bundles of 
fibrilke ; but their number is much less than that seen when haBmatoxylin 
is used. We have seen how, in the cornea, gold when it has deeply stained 
the nucleus of the branched cells leaves that of the flat cell invisible, 
while hamatozylin colours them both. So it is generally in the capil- 
laries of blood-vessels. I have found that, in the capillaries of the muscles 
of the frog, these invariably consist of two layers — ^an internal epithelial 
layer, the outlines of whose cells are defined by nitrate of silver, and an 
external layer, into which a fine system of branched cells enters. Hiema- 
toxylin brings out the nuclei of the cells of both layers. The deep stain- 
ing with gold, while it differentiates the layers by staining the internal 
(epithdial)more intensely than it does the outer (adventitious) layer, shows 
no nuclei in the epithelium, while the nuclei in the outer layer are well 
maiiced. 

In applying to muscular fibre the experience thus acquired, we are 
wairanted in concluding that the nuclei coloured in gold are those of cells 
that belong to the branched system, and which are the characteristic 
nuclei seen in the transverse view of a gold-stained muscle, while the 
great majority of those stained by hssmatoxylin belong to the flat cells of 
the lymphatic system. 

The isolati<m of these cells is surrounded by difficulties, which are, how- 
ever, surmountable. In fibres deeply stained by gold I have isolated long 
^in flat cells, lying amongst the fibrillie, which are identical in shi^ 
with similar eeQa in the cornea. They were coloured uniformly deep 
purple, and a distinet nucleus was not visible. They are represented in 
figure 27, Plate XI. 

Immediately investing the bundles composing a muscular fibre is the 
sarcolemma, which is externally, as I have shown, covered with fiat cells. 
1^ property possessed by this membrane of resisting acetic add is the 
cause a£a chaeacteiistic appeaixnce presented by a museular fifaro under 
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its influence. From, the broken end a krge uneven mass protrudes with 
thick everted lips, bendiug back over the membrane which forms a stran- 
gulating band round the neck of the protrusion. When this sheath is 
ruptured at different parts, the gelatinous substance, which forms a large 
proportion of the contents of the fibre, bulges out in masses as it swells. 
The fibrill©, which do not swell under the add, and which are im* 
bedded in this mass, can be often seen, in teased gold or hsematoxylin 
preparations, lying unaltered at one part of the field, while displaced 
masses of gelatinous substance are seen at another. (It is the disposition 
of this gelatinous substance in parallel bundles which is the cause of the 
peculiar e&ct of chloride of gold, represented in figure 25, Plate XI.) 

The astringent effect of chloride of gold on the sarcolemma produces a 
very characteristic appearance. In manipulating a fibre, as a preliminary to 
its being hardened by gold, it sometimes happens that the membrane and 
the layer of muscle-substance adhering to it is rent longitudinally from 
the surface to the centre. In the gold solution it loses its cylindrical 
form, and spreads itseK out as a broad band. This perfectly flat band is 
marked longitudinally with parallel lines, which are straight and equi* 
distant from each other. The prolonged action of acetic add does not 
alter the appearance of these lines or their mutual relations, but it makes 
visible a not very thick layer of gelatinous substance, which protrudes 
from under the edges of the band. 

Without comparing this peculiar appearance in its most exquisite forms 
with the transition stages sometimes seen, in which one end of a fibre 
still retains its cylindrical form while the other end is flattened out, the 
observer might certainly doubt that he was looking at a muscular fllne. 
Interstices between the lines, and, in them, occasional oblong nucld are 
sometimes visible. 

The longitudinal lines are the optical expression of the septa between 
the bundles, which are seen through the transparent sheath ; and that 
the fibres in these septa are formed by elastic tissue, is shown by their 
persistence when treated by acetic acid. 

They differ in no respect from the septa and their contained nuclei, 
which are seen in muscular fibres that have retained their cylindrical form 
when the chloride of gold has produced that appearance. 

Another occasional effect of the astringent action of gold is an exag- 
geration of the dimensions of the central canal. The upturned end of a 
fibre is sometimes seen in which there is the appearance of a wide central 
cavity, around which the contents of the sarcolemma form a thick rim. 
The mechanism of this appearance is explicable by the assumption that 
the sarcolemma becomes sufficiently unyielding to form an inmoiovable 
surface, towards which the more yielding substance is drawn as the 
shrinking caused by the gold proceeds. 

The sarcolemma is probably in very intimate connexion with the elastic 
network, the more superfidal cells of which, with their prolongations^ axe 
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situated direotlj under and apparently in contact with it ; and the nu- 
merous foramina seen in the cylindrical rod left by the potash solution, 
when the membrane has been loosened, from it, are probably the points 
where the elastic fibres penetrate. 

A muscular fibre is thus composed of a number of bundles resembling 
those of tendon, arranged parallel to each other, each bundle giving 
shelter to a number of fibrilhe, and separated from the neighbouring bundles 
by a space lined with flat cells. In the larger spaces lie branched cells, 
and in the smaller the projecting processes of the elastic fibres given out 
by the latter. 

The large holes I have described in the elastic sheath afford passage to 
the nerves. When these have been traced, it is reasonable to hifer that, 
here as well as elsewhere, they will be f oimd to follow the lymph-channels. 
These holes not only pennit the passage of nerves, but allow free com- 
munication between the lymphatic spaces within the fibre and those 
between the perimysium and the sarcolemma. 

The abundance of gelatinous substance in a muscular fibre accounts 
for the phenomenon biovm as transverse cleavage, which is produced by 
the action of very diluted hydrochloric acid. I regard it as essentially 
equivalent to the effect produced in tendon when by similar treatment a 
bundle divides transversely into the fiat plates known as the ^* Donde- 
rische Bander," after the distinguished histologist who first described 
them. 

To sum up these views regarding the structure of muscle in a few 
words, it might be said that a muscular fibre is a fasciculus of tendon in 
the bundles of which the primitive fibrillffi are imbedded longitudinally. 

The small spaces at the points of junction of flat cells which colour 
deeply in silver, and to which allusion has been made by histologists, are 
seen in all tissues. They are always present when the colouring has been 
intense, and should, I believe, be regarded as playing an important part in 
the mechanism of the lymphatic system. They are especially well defined 
in the rete Malpighi of the frog, where it would be impossible to regard 
them as artefacts. 

It is evident from the various anatomical facts above detailed, that the 
tissues may be said to be in an almost unbroken continuity with the 
lymphnsystem*. When a blood-corpuscle escapes from a capillary it is 
into the cell-lined spaces of this system that it directly passes, and there 
is manifestly no obstacle to the passage of the contents of the lymph- 
channel into the blood other than that formed by the wall of the capil- 
laries, which alone separates the fiuids of the lymphatic and vascular 
systems. We know that white blood-corpusdes can make their way 

* In this connexion I quote from Banner's «0Bay (/. c. p. 465) the following sen- 
tenoe : — '* L'existenoe, dans le tissu oellulaire Bons-cutan^i de oes cellules plates, dis- 
pose & la surface des faisceauz, ne nous suggdre-t-elle pas Tidde do voir dans le 
tissu eo^jonetif un vaste espeoe eloisonn^, analogue aux cavity s^reuses V* . 
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through at the points of junction of the angles of the capillary cells*, and 
it is reasonable to suppose that these points are always permeable to 
fluids. 

We have seen that there is a rich supply of lymphatic channels in the 
interior of a muscular fibre, and that the axis-cylinder of a n^rve is pro- 
bably in free communication with the lymph. The term " invf^nation," 
as applied to the relation of the nerves and blood-vessels of particular 
organs to the lymphatics, has no special physiological meaning, as it only 
implies that at certain parts a condition that is universal can, by special 
modes of procedure, be made capable of more easy demonstration. Every 
nerve-fibre and every blood-vessel is invaginated in lymphatics. 

That there is a plasmatic circulation infinitely more comprehensive 
than that expounded by Virchow, is, as has been already remarked by 
Banvier, a fact which anatomy has placed on an incontrovertible basis. 

EXPLANATION OF THE PLATES. 

The Drawings were executed by Mr. J. 0. Ewart from my preparations. Tho 
objectives and ocular glasses referred to ae indicating the magnifying-powera 
are those of Hartnack, with the exception of the No. XTI. immersion-lens 
used in a few instances, which was made by V^rick, and has the power 
assigned to that number in his scale. Thus 3. VIII. means eyepiece No. 3 
and objective No. VIII. 

Plate VIH. 

Kg. 1. Cells from the cornea of a frog which was treated by the saturated solution of 
potash. 3. VIII. Tube out. 

Kg. 2. Cells from the cornea of the ox treated by solution of potash. 3. VIII. 
Tube out. ^^ 

Fig. 3. Cells from the cornea of the sheep treated by solution of potash. 3. Vlll. 
Tube out. 

Plate IX. 

Kg. 4. Tendon from a mouse's tail coloured by nitrate of silver. 3. VII. Tube out. 
Fig. 6. Perimysium of muscle of frog. Silver preparation. 3. VH. Tube out. 
Fig. 6. Perimysium of a muscular fibre of frog. Silver preparation. 3. VII. Tube out. 
Fig. 7. Cells from tendo Achillis of frog by solution of potash. 3. VIII. Tube out. 
Fig. 8. Fascia from dorsal muscles of the mouse. Nitrate-of-silver preparation. 

3. Vni. Tube out. 
Fig. 9. Cells isolated from the fascia of the dorsal muscles of the mouse by solution of 

potash. 3. VIII. Tube out. 
Fig. 10. Continuous layer of flat cells investing the fascia of the muscles of the thigh 

of the frog. Nitrate-of-silver preparation. 3. VIII. Tube out 

Plate X. 

Fig. 11. Cells of the cutis of the frog isolated by solution of potash. 3. VIII. Tube 

out. 
Fig. 12. Cells isolated from the skin of the ox by solution of potash. 3. Vm. Tube out. 
Fig. 13. The anastomosis of the ceUs by means of the elastic fibres. Gh)ld preparation 

from finger, macerated in acetic acid. 3. XII. 

* Endothelium eu Emigratie door Dr. LaidUw Purves. Utreoht, 1873. 
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Fig. 14. Elastic fibres with cells. Section from gold preparation of skin of adult 
rabbit treated by concentrated acetic add. 3. Yin. Tube out 

Fig. 15. Fibres from the ligamentum nuchie of a three-days-old foal. Gbld prepara- 
tion. The nuclei and remains of the protoplasm of the cell stained. 3. YIII. 
Tube out. 

Fig. 16. Ligamentum nuchse of three-days-old foal stained in gold and hiematozylm. 
The central canal of the fibres indicated by the hsBmatoxylin. 3. YIII. 
Tube out 

Fig. 17. Fibre from the same preparation as fig. 15. 1. XII. Tube out 

Fig. 18. Cells from the fibres of the sciatic nerve of the frog. Isolated by the saturated 
solution of potash. 3. VIE. Tube out 

Fig. 19. Nerre-fibre from the sciatic nerre of the mouse. Treated by absolute alcohol, 
dyed with hematoxylin, and the excess of colour remoyed by acetic add. 
3. Vm. Tube out 

Plate XI. 

Fig. 20. Perimysium of a muscular fibre of frog stained in hsematoxylin. Flat cells 
seen. 3. YII. Tube out. 

Fig. 21. Muscle of mouse subjected to prolonged action of warm potash solution. The 
cells on the saroolemma indicated. 3. VIII. Tube out. 

Fig. 22. Flat cells from the sarcolemma of muscular fibre of ox. Isolated by pro- 
longed action of warm potash solution. 3. YIII. Tube out. 

Fig. 23. Muscular fibre of mouse treated by solution of potash. The holes in the sar- 
colemma seen. 3. YUL Tube out 

Fig. 24. Muscular fibre of frog treated by solution of potash. Canals indicated by 
nuclear yacuoles. 3. YIII. Tube out 

Fig. 25. Muscular fibre of frog. Gt>Id preparation. Sarcolemma rent longitudinally 
and flattened. Septa dividing muscular substance visible. d» YII. Tube 
out 

Fig. 26. End view of muscular fibre of frog. Gold preparation. Stellate spaces with 
nudei and processes of branched cells, having the signification of elastic 
fibres, between the bundles. 3. YII. Tube out 

Fig. 27. Muscular fibre of frog. Gk>ld preparation. The fibrillsB separated by teasing 
into bundles, between which long narrow fiat cells are seen. 3. YII. Tube out 

Fig. 28. Muscular fibre of frog. Gbld preparation. The central cavity seen much 
enlarged by the astringent action of the gold. 3. YII. Tube out 



'* On the Refraction of Sound by the Atmosphere/' By Prof. 
Osborne Reynolds. Communicated by Prof. G. G. Stokes^ 
Sec.R.S. Received March 18, 1874*. 

My object in this paper is to ofEer explanations of some of the more 
common phenomena of the transmission of sound, and to describe the 
results of experiments in support of these explanations. The first part 
of the paper is devoted to the action of wind upon sound. In this part of 
the subject I find that I have been preceded by Professor Stokes, who 
in 1857 gave precisely the same explanation as that which occurred to 
me. I have, however, succeeded in placing the truth of this explanation 
upon an experimental basis ; and this, together with the fact that my 
work upon this part of the subject is the cause and foundation of what 

« Bead April 23, 1874. See <m^, p. 295. 
VOL. xxn. 2 8 
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I have to say on the sdoond part, must be my excuse for introducing it 
here. In the second part of the subject I have dealt with the effect of 
the atmosphere to refract sound upwards, an effect which is due to the 
variation of temperature, and which I believe has not hitherto been 
noticed. I have been able to show that this refraction explains the 
well-known difference which exists in the distinctness of sounds by daj 
and by night, as well as other differences in the transmission of sound 
arising out of circumstances such as temperature ; and I have applied 
it in particular to explain the very definite results obtained by Professor 
Tyndall in his experiments off the South Foreland. 

The Effect of Wind upon Sound 

is a matter of common observation. Cases have been known in which, 
against a high wind, guns could not be heard at a distance of 650 yards*, 
although on a quiet day the same guns might be heard from ten to 
twenty miles. And it is not only with high winds that the effect upon 
sound is apparent ; every sportsman knows how important it is to enter 
the field on the lee side even when the wind is very light. In light 
winds, however, the effect is not so certain as in high winds ; and (at any 
rate so far as our ears are concerned) sounds from a small distance 
seem at times to be rather intensified than diminished against very light 
winds. On all occasions the effect of wind seems to be rather against 
distance than against distinctness. Sounds heard to windward are for 
the most part heard with their full distinctness; and there is only a 
comparatively small margin between that point at which the sound is 
perceptibly diminished and that at which it ceases to be audible. 

That sound should be blown back by a high wind does not at first 
jsight appear to be unreasonable. Sound is known to travel forward 
through or on the air ; and if the air is itseK in motion, moving back- 
wards, it will carry the sound with it, and so retard its forward motion — 
just as the current of a river retards the motion of ships moving up the 
stream. A little consideration, however, serves to show that the effect 
of wind on sound cannot be explained in this way. The velocity of 
sound (1100 feet per second) is so great compared with that of the 
highest wind (50 to 100 feet per second), that the mere retardation of the 
velocity, if that were all, would not be apparent. The sound would 
proceed against the wind with a slightly diminished velocity, at least 
1000 feet per second, and with a but very slightly diminished intensity. 

Neither can the effect of wind be solely due to its effect on our hear- 
ing. There can be no doubt that during a high wind our power of 
hearing is damaged | but this is the same from whatever direction the 
sound may come;, and henqe from this cause the wind would diminish 
the distance at which sou^dp could be heard, whether they moved with 
it or against it^ whereas this is . most distinctly not the case. Sounds at 
* Proc Boy. Soo. 1874, p. 62. 
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right angles to the wind are but little affected by it ; and in moderate 
winds sounds can be heard further with the wind than when there is 
none. 

The same may be said against theories which would explain the e£Eect 
of wind as causing a heterogeneous nature in the air so that it might 
reflect the sound. All such effects must apply with equal force wiiii and 
against the wind* 

This question has baffled investigators for so long a time, because they 
have looked for the cause in some direct effect of the motion of the air» 
whereas it seems to be but incidentally due to this. The effect appears, 
after all, not to be due simply to the wind, but to the difference in the 
velocity with which the air travels at the surface of the ground and at a 
height above it; that is to say, if we could have a perfectly smooth 
surface which would not retard the wind at all, then the wind would not 
obstruct sound in the way it does, for it would all be moving with an 
equal velocity ; but, owing to the roughness of the surface and tiie ob- 
structions upon it, there is a gradual diminution in the velocity of the 
wind as it approaches the surface. The rate of this diminution will 
depend on the nature of the surface; for instance, in a meadow the 
velocity at 1 foot above the surface is only half what it is at an ele- 
vation of 8 feet, and smaller still compared with what it is at greater 
heights. 

To understand the way in which this variation in the velocity affects 
the sound, it is necessary to consider that the velocity of the waves of 
sound does depend on the velocity of the wind, although not in a great 
degree. To find the velocity of the sound with the wind we must add 
that of the wind to the normal velocity of sound, and against the wind 
we must subtract the velocity of the wind from the 1100 feet per second 
(or whatever may be the normal velocity of the sound) to find the 
actual velocity. Now if the wind is moving at 10 feet per second 
at the surface of a meadow, and at 20 feet per second at a height of 
8 feet, the velocity of the sound against the wind will be 1090 feet 
per second at the surface and 1080 feet per second at 8 feet above 
the surface ; so that in a second the same wave of sound will have 
travelled 10 feet further at the surface than at a height of 8 feet. This 
difference of velocity would cause the wave to tip up and proceed in an 
upw^ard direction instead of horizontaUy. For if we imagine the front 
of a wave of sound to be vertical to start with, it will, after proceeding 
for one second against the wind, be inclined at an angle of more than 45^, 
or half a right angle ; and since sound-waves always move in a direction 
perpendicular to the direction of the front (that is to say, if the waves 
are vertical they will move horizontally and not otherwise), after one 
second the wave would be moving upwards at an angle of 45° or more. 
Of course, in reality, it would not have to proceed for one second before 
it began to move upwards : the least forward motion would be followed 

282 
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by an inclination of the front backwards, and by an upward motion of 
the wave. A similar effect would be produced in a direction opposite to 
that of the wind, only as the top of the wave would then be moving 
faster than the bottom, the waves would incline forwards and move 
downwards. In this way the effect of the wind is to lift the waves 
which proceeded to windward, and to bring those down which move 
with it. 

Thus the effect of wind is not to destroy the sound, but to raise the 
ends of the wave, which would otherwise move along the ground, to such 
a height that they pass over our heads. 

When the ends of the waves are raised from the ground they will 
tend to diverge down to it, and throw off secondary waves, or, as I shall 
call them, diverging waves, so as to reconstitute the gap that is thus 
made. These secondary waves will be heard as a continuation of the 
sound, more or less faint, after the primary waves are altogether above 
our heads. [This phenomenon of divergence presents many difficulties, 
and has only as yet. been dealt with for particular cases. It may, how- 
ever, be assumed, from what is known respecting it, that in the case of 
sound being lifted up from the ground by refraction, or, what is nearly 
the same thing, passing directly over the crest of a hill so that the 
ground falls away from the rays of sound, diverging waves would be 
thrown off very rapidly at first and for a considerable distance, depending 
on the wave-length of the sound ; but as the sound proceeds further the 
diverging rays would gradually become fainter and more nearly parallel 
to the direct rays, until at a sufficient distance they would practically 
cease to exist, or, at any rate, be no greater than those which cause the 
diffraction-bands in a pencil of light*. The divergence would introduce 
bands of diffraction or interference within the direct or geometrical path 
of the sound, as in the case of light. These effects would also be com- 
plicated by the reflection of the diverging waves from the ground, which, 
crossing the others at a small angle, would also cause bands of inter- 
ference. The results of all these causes would be very complicated, but 
their general effect would be to cause a rapid weakening of the sound 
at the ground from the point at which it was first lifted ; and as the 
sound became weaker it would be crossed by bands of still fainter sound, 
after which the diverging rays, as well as the direct rays, would be lifted, 
and at the ground nothing would be heard. — September 1874.] 

If we leave out of consideration the divergence, then we may form 
some idea as to the path which the bottom of the sound, or the rays of 
sound (considered as the rays of light), would follow. If the variation 
in the speed of the wind were uniform from the surface upwards, then 

* Taking sound of 1 foot wave-length, and comparing it witb light whose wave- 
length is the 50,000th part of an inch, then the divergence of the sound at a nule from 
the point at which it left the ground would be oomparativelj the same as that of the 
light at iV of an inch from the aperture at which the pencil was formed. 
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the rays of sound would at first moye upwards, very nearly in circles. 

The radii of these circles may be shown to be 1100 x , where 

v, and v, are the velocities of the wind in feet per second at elevations 
differing by h feet. In fact, however, the variation is greatest at the 
ground, and diminishes as we proceed upwards, so that the actual path 
would be more that of a parabola. 

Also, owing to this unequal variation in the velocity, those parts of the 
waves immediately adjacent to the ground will rise more rapidly than 
the part immediately above them ; hence there will be a crowding of the 
waves at a few feet from the ground, and this will lead to an intensifying 
of the sound at this point. Hence, notwithstanding the divergence, we 
might expect the waves to windward to. preserve their full intensity so 
long as they were low enough to be heard. And this is in accordance 
with the fact, often observed, that sounds at short distances are not 
diminished but rather intensified when proceeding against the wind. 

It will at once be perceived that by this action of the wind the dis- 
tance to which sounds can be heard to windward must depend on the 
elevation of the observer and the sound-producing body. This does not 
appear to be a fact of general observation. It is difficult to conceive how 
it can have been overlooked, except that, in nine cases out ol ten, sounds 
are not continuous, and thus do not afford an c^portunity of comparing 
their distinctness at different places. It has often astonished me, how- 
ever, when shooting, that a wind which did not appear to me to make 
the least difference to the direction in which I could hear small sounds 
most distinctly^ should yet be sufficient to cover one's approach to par- 
tridges, and more particularly to rabbits, even until one was within a few 
feet of them — a fact which shows how much more effectively the wind 
obstructs sound near the ground than even a few feet above it. 

Elevation, however, clearly offered a crucial test whether such anjiction 
as that I have described was the cause of the effect of wind upon sound. 
Having once entertained the idea, it was clearly possible to put it to 
the test in this way. Also, if the principles hold in sound, something 
analogous must hold in the case of waves on the surface of a running 
stream of water — ^f or instance, waves made near the bank of a river, 

I had just reached the point of making such tests when I discovered 
that the same views had been propounded by Professor Stokes so long 
ago as 1857*. Of course, after such a discovery, it seemed almost un- 
necessary for me to pursue the matter further ; but as there were one 
or two points about which I was not then quite certain, and as Prof. 
Stokes's paper does not appear to be so well known as it might be (I 
do not know of one writer on sound who has adopted this explanation), 
it still seemed that it might be well, if possible, to put the subject 
on an experimental basis. I therefore made the experiments I am 
* Brit. Abboo. Beport, 1857, Trans, of Sect p. 22. 
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about to describe; and I am glad that I did not rest content without 
them, for they led me to what I believe to be the discovery of refrac- 
tion of sound by the atmosphere. 

Fig. 1. 



The rfesults of my first observation are shown in fig. 1. This repre- 
sents the shape of the waves as they proceeded outwards from a point 
near the bank of a stream about 12 feet wide. Had the water been at 
rest there would have been semicircular rings ; as it -was, the front 
of the waves up the stream made an obtuse angle with the wall, which 
they gradually left. The ends of the waves, it will be observed, gradually 
died out, showing the effect of divergence. The waves proceeding down 
the stream were, on the other hand, inclined to the wall, which they 
approached. 

I was able to make a somewhat better observation in the Medloek, 
near the Oxford Eoad Bridge, Manchester. A pipe sent a succession 
of drops into the water at a few inches from the wall, which, falUng 
from a considerable height, made very definite waves. Fig. 2 represents 

Fig. 2. 



a sketch of these waves, made on the spot : the diverging waves from the 
ends of the direct waves, and also the bands of interference, are very 
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clearly seen. Both these figures agree with what has been explained 
as the effect of wind on sound. 

In the next place I endeavoured to ascertain the effect which eleva- 
tion has on the distance to which sound can be heard against a wind. 
In making these experiments I discovered some facts relating to the 
transmission of sound over a rough surface, which, although somewhat 
obvious, appear hitherto to have escaped attention. 

My apparatus consisted of an electrical bell, mounted on a case con- 
taining a battery. The bell was placed horizontally on the top of the 
case, so that it could be heard equally well in all dbections ; and when 
standing on the ground the beU was 1 foot above the surface. I also 
used an anemometer. 

These experiments were made on four different days, the 6th, 9th, 
10th, and 11th of March. On the first of these the wind was very light, 
on the others it was moderately strong, strongest on the second and 
fourth ; on all four the direction was the same, viz. north. On the two 
last days the ground was covered with snow, which gave additional in- 
terest to the experiments, inasmuch as it enabled me to compare the 
effect of different surfaces. On the first two days I was alone, but on 
the last two I had the assistance of Mr. J. B. Millar, of Owens College, 
whose ears were rather better than mine, although I am not aware of 
any deficiency in this respect. The experiments were all made in the 
same place, a flat meadow of considerable extent. 

The General BesuUs of the Experiments, 

De La Roche*, in his experiment, found that the wind produced least 
effect on the sound at right angles to its direction, i, e. sounds could *be 
heard furthest in this direction. His method of experimenting, however, 
was not the same as mine. He compared the sounds from two equal 
bells, and in all cases placed the bells at such distances that the sounds 
were equally distinct. I, on the other hand, measured the extreme 
distance at which the sounds could be heard, the test being whether or 
not the observer noticed a break in the continuity of sound, a stoppage 
of the bell. The difference in our method of experimenting accounts for 
the difference in our results. I found in every case that the sound could 
be heard further with the wind than at right angles to its direction ; and 
when the wind was at all strong, the range with the wind was more than 
double that at right angles. It does not follow, however, nor was the 
fact observed, that at comparatively short distances the sound with the 
wind was more intense than at right angles. 

The explanation of this fact, which was fully borne out by all the ex- 
periments, is that the sound which comes in immediate contact with the 
ground is continually destroyed by the rough surface, and the sound from 
above is continually diverging down to replace that which has been 
♦ Annales de Chimie, vol. i. p. 177 (1816). 
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destroyed. These diverging waves are in their turn destroyed ; so that 
there is a gradual weakening of the intensity of the waves near the 
ground, and this weakening extends upwards as the waves proceed. 
Therefore, under ordinary circumstances, when there is no wind the 
distant sounds which pass above us are more iutense than those which 
we hear. Of this fact I have abundant evidence. On the 6th, when the 
wind was light, at all distances greater than 20 yards from the bell the 
sound was much less at the ground than a few feet above it ; and I was 
able to recover the sound after it had been lost in every direction by 
mounting on to a tree, and even more definitely by raising the bell on to 
a post 4 feet high, which had the efEect of doubling the range of the 
sound in every direction except with the wind, although even in this the 
range was materially increased. 

It is obvious that the rate at which the sound is destroyed by the 
ground will depend on the roughness of its surface. Over grass we 
might expect the sound at the ground to be annihilated, whereas over 
water it would hardly be afEected. This was shown to be the case by 
the difference in the range at right angles to the wind over. grass, and 
over the same ground when completely covered with snow. In the 
latter case I could hear the sound at 200 yards, whereas I could only 
hear it at 70 or 80 in the former. 

Now, owing to the fact that the sound is greater over our heads than 
at the ground, any thing which slowly brings down the sound will 
increase the range. Hence, assuming that the action of the wind is to 
bring down the sound in the direction in which it is blowing, we see 
that it must increase its range in this direction. And it must also be 
seen that in this direction there will be less difference in the intensity of 
the sound from the ground upwards than in other directions. This 
was observed to be the case on all occasions. In the direction of the 
wind, when it was strong, the sound could be heard as well with the head 
on the ground as when raised, even when in a hollow with the bell hidden 
from view by the slope of the ground ; and no advantage whatever was 
gained either by ascending to an elevation or raising the bell. Thus, 
with the wind over the grass the sound could be heard 140 yards, and 
over snow 360 yards, either with the head lifted or on the ground ; 
whereas at right angles to the wind on all occasions the range was 
extended by raising either the observer or the bell. 

It has been necessary to notice these points ; for, as will be seen, they 
bear directly on the question of the efEect of elevation on the range of 
sound against the wind. 

Elevation was found to affect the range of sound against the wind in 
a much more marked manner than at right angles. ' 

Over the grass no sound could be heard with the head on the ground 
at 20 yards from the bell, and at 30 yards it was lost with the head 3 feet 
from the ground, and its full intensity was lost when standing erect at 
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30 yards. At 70 yards, when standing erect, the sound was lost at long 
intervals, and was only faintly heard even then ; but it became continuous 
again when the ear was raised 9 feet from the ground, and it reached its 
full intensity at an elevation of 12 feet. 

Oyer the snow similar efEects were observed at yery nearly equal 
distances. There was this difference, however, the sound was not 
entirely lost when the head was lowered or even on the ground. Thus 
at 30 yards I could still hear a &dnt sound. Mr. Millar could hear this 
better than I could; he, however, experienced the same increase on 
raising his head. At 90 yards I lost the sound entirely when standing 
on the ground, but recovered it again when the ear was 9 feet from the 
ground. Mr. Millar, however, could hear the sound very faintly, and at 
intervals, at 160 yards ; but not with his head on the ground. At this 
point I was utterly unable to hear it ; and even at an elevation of 25 feet 
I gave it up as hopeless. However, as Mr. Millar by mounting 10 feet 
higher seemed to hear it very much better, I again ascended ; and at an 
elevation of 33 feet from the ground I could hear it as distinctly as I 
had previously heard it when standing at 90 yards from the bell. I 
could not hear it 5 feet lower down ; so that it was the last 5 feet which 
liad brought me into the foot of the wave. Mr. Millar experienced the 
same change in this 5 feet. As the sound could now be heard as strong 
as at a corresponding distance with the wind, we thought we had reached 
the full intensity of the waves. This, however, was not the case ; for 
the least raising of the bell was followed by a considerable intensifying 
of the sound ; and when it was raised 6 feet I could hear each blow of the 
hammer distinctly, although just at that time a brass band was playing 
in the distance. It seemed to me that I could hear it as distinctly as at 
30 yards to leeward of the bell. All these results were repeated on 
both days with great uniformity. 

When more than 30 yards to the windward of the bell, the raising of 
the bell was always accompanied by a marked intensifying of the sound, 
and particularly over the grass. I could only hear the bell at 70 yards 
when on the ground ; yet when set on a post 5 feet high I heard it 
160 yards, or more than twice the distance. This is a proof of what I 
previously pointed out, that the waves rise faster at the ground than they 
do high up, and crowding together they intensify. In all cases there was 
an unmistakable greater distinctness of the sound from short distances to 
windward than to leeward or at right angles. 

Except when the sound was heard with full force it was not uniform. 
The bell gave two sounds (the beats of the hammer and the ring) which 
could be easily distinguished ; and at times we could hear only the ring, 
and at others the beats. The ring seemed to preserve itself the longest ; 
whereas near the ground at short distances the ring was lost first. This 
is explained by the fact thai; the rate at which sound-waves diverge 
depends upon their note : the lower the note the more will they diverge. 
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Thus the beats diverge more rapidly than the ring, and consequently die 
out sooner ; whereas when the head is on the ground near the bell it is 
only the diverging waves that are heard, and here the beats have the 
best chance. The intensity of the sound invariably seemed to waver ; 
and as one approached the bell from the windward side, the sound did 
not intensify uniformly or gradually, but by fits or jerks ; this was the 
result of crossing the rays' interference, such as those shown in fig. 2. 

During the observations the velocity of the wind was observed from 
time to time at points 1 foot and 8 feet above the surface. 

On the 9th, that is over grass, it varied from 4 feet per second at 
1 foot and 8 feet per second at 8 feet, to 10 feet at 1 foot and 20 feet at 
8 feet, always having about twice the velocity at 8 feet that it had at 
1 foot above the ground. 

Over the snow there was not quite so much variation above and below. 
On the 10th the wind varied from 3 feet at 1 foot to 4 feet at 8 feet *. On 
the 11th the variation was from 12 at 1 foot and 19 at 8 feet to 6 at 1 foot 
and 10 at 8 feet. Thus over snow the variation in the velocity was only 
about one third instead of half. 

Since the foregoing account was written, I have had an opportunity of 
experimenting on a strong west wind (on the 14th of March); and the 
results of these experiments are, if any thing, more definite than those of 
the previous ones. The wind on this occasion had a velocity of 37 feet 
per second at an elevation of 12 feet and of 33 at 8 feet and 17 at 1 foot. 
The experiments were made in the same meadows as before, the snow 
having melted, so that the grass was bare. 

"With the wind I could hear the bell at 120 yards, either with the bell 
on the ground or raised 4 feet above it. At right angles to the direction 
of the wind it ranged about 60 yards with the bell on the ground, and 
80 yards when the bell was elevated. 

To windward, with the bell standing on the ground (which, it must be 

remembered, means that the bell was actually 1 foot above the surface), 

the sound was heard as follows : — 

FuU. Lost. 

"With the head close to the ground . . At 10 yards. At 20 jrards. 

Standing „ 30 „ „ 40 „ 

At an elevation of 25 feet Not heard at 90 yards. 

With the bell at an elevation of 4 feet 6 inches ; — 

FuU. Lost. 

Head to the ground At 18 yards. At 30 yards. 

Standing up „ 40 „ „ 60 „ 

At an elevation of 12 feet „ 90 „ 

At an elevation of 18 feet „ 90 . „ 

These results entirely confirm those of the previous experiments ; and 
the intensifying of the sounds to windward by the raising of the bell was 
♦ The wind fell rapidly towards the close of the ohserrations on this. day. 
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even more marked than before ; for at 90 yards to windward, with the 
bell raised, I could hear it much more distinctly than at a corresponding 
distance to leeward. This fact calls for a word of special explanation ; it is 
clearly due to the fact that the variation in the velocity of the air is much 
greater near the ground than at a few feet above it. When the bell is 
on the ground all the sound must pass near the ground, and will all be 
turned up to a nearly equal extent ; but when the bell is raised, the rays 
of sound which proceed horizontally will be much less bent or turned up 
than those which go down to the ground ; and consequently, after pro- 
ceeding some distance, these rays will meet or cross, atid if the head be 
at this point they will both fall on the ear together, causing a sound of 
double intensity. It is this crossing of the rays also which for the most 
part causes the interference seen in fig. 2. 

These experiments establish three things with regard to the transmis- 
sion of sound : — 

1. That when there is no wind, sound pi^oceeding over a rough surface 
is more intense above than below. \ 

2. That as long as the velocity of the wind is greater above than 
below, sound is lifted up to windward and is not destroyed. 

3. That under the same circumstances it is brought down to leeward, 
and hence its range extended at the surface of the ground. 

These experiments also show that there is less variation in the velocity 
of the wind over a smooth surface than over a rough one. 

It seems to me that these facts fully confirm the hypotheses propounded 
by Prof. Stokes, that they place the action of wind beyond question, and 
that they afford explanations of many of the anomalous cases that have been 
observed ; for instance, that sounds can be heard much further over water 
than over land, and also that a light wind at sea does not appear to affect 
sound at all, the fact being that the smooth water does not destroy either 
the^^ound or the motion of the air in contact with it. When the wind 
and sea are rough the case is different. 

T?ie Effect of Variations of Temperature. 

Having observed how the wind acts to lift the waves of sound by 
diminishing their velocity above compared with what is below, it was 
evident to me that any other atmospheric cause which would diminish 
the velocity above or increase that below would produce the same effect, 
viz. would cause the waves to rise. 

Such a cause must at certain times exist in the variation in the condi- 
tion of the air as we proceed upwards from the surface. 

Although barometric pressure does not affect the velocity of sound, 
yet, as la well known, the velocity of sound depends on the temperature*, 

* It yaries as the square root of ^ — t-—, and consequently a* the square root of the 
absolute temperature. 
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and every degree of temperature between 32° and 70° adds approximately 
1 foot per second to the velocity of sound. This velocity also increases 
with the quantity of moisture in the air ; but the quantity is at all times 
too small to produce an appreciable result. This vapour nevertheless 
plays an important part in the phenomena under consideration ; for it 
gives to the air a much greater power of radiating and absorbtng heat, 
and thus renders it much more susceptible of changes in the action of 
the sun. 

If, then, the air were all at the same temperature and equally saturated 
with moisture, the velocity of sound would be the same at all elevations; 
but if the temperature is greater, or if it contains more water below than 
above, then the wave of sound will proceed quicker below than above, 
and will be turned up in the same way as against a wind. This action 
of the atmosphere is, strictly speaking, analogous to the refraction of 
Ught. In light, however, it is density which retards motion ; temperature 
and pressure have little or nothing to do with it ; and since the density 
increases downwards, the rays of light move slower below than they do 
above, and are therefore bent downwards, and thus the distance at which 
we can see objects is increased. With sound, however, since it is tempe- 
rature which affects the velocity, the reverse is the case ; the rays are 
bent upwards, and the distance from which we can hear is reduced. 

It is a well-known fact that the temperature of the air diminishes as 
we proceed upwards, and that it also contains less vapour. Hence it 
follows that, as a rule, the waves of sound must travel faster below than 
they do above, and thus be refracted or turned upward. 

The variation of temperature is, however, by no means constant, and a 
little consideration serves to show that it will be greatest in a quiet 
atmosphere when the sun is shining. The sun's rays, acting most 
powerfully on that air which contains the most vapour, warms the lower 
strata more than those above them ; and besides this, they warm the sur- 
face of the earth, and this warmth is taken up by the air in contact with 
it. It is not, however, only on such considerations as these that we are 
in a position to assert the law of variation of atmospheric temperature. 
Mr. Qlaisher has furnished us with information on the subject which 
places it beyond the region of surmise. 

I extract the following from his "Eeport on Eight Balloon Ascents in 
1862" (Brit. Assoc. Eep. 1862, p. 462) :— 

*' From these results the decline of temperature when the sky was 
cloudy 

For the first 300 feet was 0°-5 for every 100 feet. 
From 300 to 3400 „ 0°-4 „ „ 

„ 3400 to 5000 „ 0°-3 „ „ 

" Therefore in cloudy states of the sky the temperature of the air 
decreased nearly uniformly with the height above the surface of the earth 
nearly up to the cloud. 
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'* When the sky was partially cloudy the decline of temperature 

In the first 100 feet was 0*»-9 

« • « • 

From 2900 to 5000 „ 0°-3 for every 100 feet. 

" The decline of temperature near the earth with a partially clear sky 
is nearly double that with a cloudy sky. 

" In some cases, as on July 30th, the decline of temperature in the first 
100 feet was as large as l°'l." • 

"We may say, therefore, that when the sky is clear the variation of 
temperature as we proceed upwards from 1 to 3000 feet will be more 
than double what it is when the sky is cloudy. And since for such small 
variations the variation in the velocity of sound, that is the refraction, is 
proportional to the temperature, this refraction will be twice as great with 
a clear sky as when the sky is cloudy. 

This is the mean difference, and there are doubtless exceptional cases 
in which the variations are both greater and less than those given; during 
the night the variations are less than during the day, and again in winter 
than in summer. 

This reasoning at once suggested an explanation of the well-known 
fact that sounds are less intense during the day than at night. This is a 
matter of common observation, and has been the subject of scientific 
inquiry. F. De La Eoche discusses the subject, and exposes the fal- 
lacies of several theories advanced to account for it. Amongst others 
there are some remarks by Humboldt, in which he says that the dif- 
ference is not due to the quietness of the night, for he had observed 
the same thing near the torrid zone, where the day seemed quieter than 
the night, which was rendered noisy with insects. 

It is, however, by the experiments of Prof. Tyndall that this fact has 
been fully brought to light ; and from their definite character they afford 
an opportunity of applying the explanation, and furnish a test of its 
soundness. 

Neglecting the divergence of the bottom of the waves, a difference of 
1 degree in the 100 feet would cause the rays of sound, otherwise hori- 
zontal, to move on a circle, the radius of which by the previous rule 
=1100 . -1^=110,000 feet. A variation of one half this would cause 
them to move on a circle of 220,000 feet radius. From the radii of these 
circles we can calculate the range of the sound from different elevations. 

With a clear sky, i. e. with a radius 110,000 feet from an elevation of 
235 feet, the sound would be audible with full force to 1*36 mile ; the 
direct sound would then be lifted above the surface, and only the di- 
verging sound would be audible. From an elevation of 15 feet, however, 
the direct sound might be heard to a distance of *36, or j mile further, 
so that in all it could be heard 1*72 (1|) mile. 

With a cloudy sky, t. e. with a radius 220,000 feet, the direct sound 
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would be heard to 2*4 miles from an elevation of 15 feet, or 1*4 times what 
it is with the clear sky. These results have been obtained by taking the 
extreme variations of temperature at the surface of the earth. At 
certain times, however, in the evening, or when it was raining, the variation 
would be much less than this, in which case the direct sound would be 
heard to much greater distances. 

[So far I have only spoken of the direct or geometrical rays of sound, 
that is, I have supposed the edge of the sound to be definite, and not 
fringed with diverging rays ; but, as has been already explained, the 
sound would diverge downwards, and from this cause would be heard to 
a considerable distance beyond the point at which the direct rays first 
left the ground. From this point, however, the sound would become 
rapidly fainter until it was lost. The extension which divergence would 
thus add to the range of the sound would obviously depend on the re- 
fraction — that is to say, when the direct rays were last refracted upwards, 
the extension of the range due to divergence would be greatest. It is 
difficult to say what the precipe effect of this divergence would be ; but we 
may assume that it would be similar to that which was found in the case 
of wind, only the refraction being so much smaller the extension of the 
range by divergence would be greater. On the whole the results calcu- 
lated from the data furnished by Mr. Glaisher agree in a remarkable 
manner with those observed ; for if we add | mile for the extension of 
the range by divergence, the calculated distance with a clear sky would 
be two mOes from a cliff 236 feet high. — September 1874.] 

Now Prof. Tyndall found that from the cliffs at the South Foreland, 
235 feet high, the minimum range of sound was a little more than 
2 miles, and that this occurred on a quiet July day with hot sunshine. 
The ordinary range seemed to be from 3 to 5 miles when the weather 
was dull, although sometimes, particularly in the evening, the sounds 
were heard as far as 15 miles. This was, however, only under very ex- 
ceptional circumstances. Prof. Tyndall also found that the interposition 
of a cloud was followed by an almost immediate extension of the range 
of the sound. I extract the following passages from Prof. Tyndall's 
Beport : — 

*' On June 2 the maximum range, at first only 3 miles, afterwards rai; 
up to about 6 miles. 

" Optically, June 3 was not at all a promising day ; the clouds were 
dark and threatening, and the air filled with a faint haze ; nevertheless 
the horns were fairly audible at 9 miles. An exceedingly heavy rain- 
shower approached us at a galloping speed. The sound was not sensibly 
impaired during the continuance of the rain. 

"July 3 was a lovely morning : the sky was of a stainless blue, the air 
calm, and the sea smooth. I thought we should be able to hear a long 
way off. "We steamed beyond the pier end and listened. The steam- 
clouds were there, showing the whistles to be active ; the smoke-puffs 
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were there, attesting the activity of the guns. Nothing was heard. We 
went nearer ; but at two miles horns and whistles and guns were equally 
inaudible. This, however, being near the limit of the sound-shadow, I 
thought that might have something to do with the efEect, so we steamed 
right in front of the station, and halted at 3| miles from it. Not a 
ripple nor a breath of air disturbed the stillness on board, but we heard 
nothing. There were the steam-pufEs from the whistles, and we knew 
that between every two pufEs the horn-sounds were embraced, but we 
heard nothing. We signalled for the guns ; there were the smoke-pufEs 
apparently close at hand, but not the slightest sound. It was mere 
dumb-show on the Foreland. We steamed in to 3 miles, halted, and 
listened with all attention. Neither the horns nor the whistles sent us 
the slightest hint of a sound. The guns were again signalled for ; five 
of them were fired, some elevated, some fired point-blank at us. Not one 
of them was heard. We steamed in to two miles, and had the guns 
again fired : the howitzer and mortar with 3-lb. charges yielded the 
faintest thud, and the 18-pounder was quite unheard. 

'* In the presence of these facts I stood amazed and confounded ; for it 
had been assumed and affirmed by distinguished men who had given spe- 
cial attention to this subject, that a clear, calm atmosphere was the best 
vehicle of sound : optical clearness and acoustic clearness were supposed 
to go hand in hand * ♦ ♦. 

'* As I stood upon the deck of the 'Irene' pondering this question, I 
became conscious of the exceeding power of the sun beating against my 
back and heating the objects near me. Beams of equal power were 
falling on the sea, and must have produced copious evaporation. That 
the vapour generated should so rise and mingle with the air as to form 
an absolutely homogeneous mixture I considered in the highest degree 
improbable. It would be sure, I thought, to streak and mottle the 
atmosphere with spaces, in which the air would be in different degrees 
saturated, or it might be displaced by the vapour. At the limiting sur- 
faces of these spaces, though invisible, we should have the conditions 
necessary to the production of partial echoes, and the consequent waste 
of sound. 

'' Curiously enough, the conditions necessary for the testing of this ex- 
planation immediately set in. At 3.15 p.m. a cloud threw itself athwart 
the sun, and shaded the entire space between us and the South Fore- 
land. The production of vapour was checked by the interposition of this 
screen, that already in the air being at the same time allowed to mix 
with it more perfectly ; hence the probability of improved transmission. 
To test this inference the steamer was turned and urged back to our 
last position of inaudibility. The sounds, as I expected, wece distinctly 
though faintly heard. This was at 3 miles distance. At 3| miles we 
had the guns fired, both point-blank and elevated. The faintest thud 
was all that we heard ; but we did hear a thud, whereas we had previously 
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heard nothing, either here or three quarters of a mile nearer. We 
steamed out to 4| miles, when the sounds were for a moment fointly 
heard, but they fell away as we waited ; and though the greatest quiet- 
ness reigned on board, and though the sea was without a ripple, we could 
hear nothing. We could plainly see the steam-pulEs which announced 
the beginning and the end of a series of trumpet-blasts, but the blasts 
themselves were quite inaudible. 

^' It was now 4 p.m., and my intention at first was to halt at this dis- 
tance, which was beyond the sound-range, but not far beyond it, and see 
whether the lowering of the sun would not restore the power of the 
atmosphere to transmit the sound. But after waiting a little, the an- 
choring of a boat was suggested ; and though loth to lose the anticipated 
revival of the sounds myself, I agreed to this arrangement. Two men 
were placed in the boat, and requested to give all attention, so as to hear 
the sound if possible. With perfect stillness around them, they heard 
nothing. They were then instructed to hoist a signal if they should hear 
the sounds, and to keep it hoisted as long as the sounds continued. 

*' At 4.45 we quitted them and steamed towards the South Sand Head 
light-ship. Precisely fifteen minutes after we had separated from them 
the flag was hoisted. ^ The sound, as anticipated, had at length succeeded 
in piercing the body of air between the boat and the shore. 

** On returning to our anchored boat, we learned that when the flag was 
hoisted the horn-sounds were heard, that they were succeeded after a 
little time by the whistle-sounds, and that both increased in intensity as 
the evening advanced. On our arrival of course we heard the sounds 
ourselves. 

'' The conjectured explanation of the stoppage of the sounds appeared 
to be thus reduced to demonstration ; but we pushed the proof still 
further by steaming further out. At t5| miles we halted and heard the 
sounds. At 6 miles we heard them distinctly, but so feebly that we 
thought we had reached the limit of the sound-range ; but while we 
waited the sound rose in power. We steamed to the Vame buoy, which 
is 7| miles from the signal-station, and heard the sounds there better 
than at 6 nules distance. 

" Steaming on to the Vame light-ship, which is situated at the other end 
of the Vame shoal, we hailed the master, and were informed by him that 
up to 5 P.M. nothing had been heard. At that hour the sounds began to 
be audible. He described one of them as * very gross, resembling the 
bellowing of a buD,' which very accurately characterizes the sound of the 
large American steam-whistle. At the Vame light-ship, therefore, the 
sounds had been heard towards the close of the day, though it is 1£| 
miles from the signal-station." 

Here we see that the very conditions which actually diminished the range 
of the sound were precisely those which would cause the greatest lifting 
of the waves. And it may be noticed that these facts were observed and 



Digiti 



ized by Google 



Refraction of Sound by t/ie Atmosphere. 547 

recorded by Prof. Tyndall with his mind altogether unbiased with any 
thought of establishing this hypothesis. He was looking for an expla- 
nation in quite another direction. Had it not been so he would probably 
have ascended the inast, and thus found whether or not the sound was 
all the time passing oyer his head. On the worst day an ascent of 
30 feet should have extended the range nearly \ mile. 

The height of the sound-producing instruments is apparently treated 
as a subordinate question by Prof. Tyndall. At the commencement of 
his lecture, he stated that the instruments were mounted on the top and 
at the bottom of the cliff ; and he subsequently speaks of their being 
235 feet above him. He does not, however, take any notice of the com- 
parative range of those on the top and those at the bottom of the cliff ; 
but wherever he mentions them he speaks of them as on the cliff, lead- 
ing me to suppose that for some reason those at the bottom of the cliff 
had been abandoned,. or that they were less efficient than those above. 
If I am right in this surmise, if the sounds from below did not range so 
far as fiiose from ab()ve, it is a &ct in accordance with refraction, but of 
which, I think, Prof. Tyndall has offered no explanation. 

[Besides tiie results of Prof. Tyndall's experiments there are many 
other phenomena which are explained by this refraction. Humboldt 
could hear the falls of Orinoco three times as loud by night as by day 
at a distance of one league ; and he states that the same phenomenon has 
been observed near every waterfall in Europe. And although Humboldt 
gave another explanation*, which was very reasonable when applied to 
the particular case at Orinoco t, yet it must be admitted that the circum- 
stances were such as would cause great upward refraction ; and hence 
there can be but little doubt that refraction had a good deal to do with 
the diminution of the sound by day. 

In fact if this refraction of sound exists, then, according to Mr. 
Glaisher's observations, it must be seldom that we can hear distant 
sounds with any thing like their full distinctness, particularly by day ; 
and any elevation in the observer or the source of the sound above the 

* <' That the sun acts upon the propagation and intensity of sound by the obstacles 
met in currents of air of different density, and by the partial undulations of the atmo- 
sphere arising from unequal heating of different parts of the soil During the 

day there is a sudden interruption of density wherever small streamlets of air of a high 
temperature rise over parts of the soil unequally heated. The sonorous undulations are 
divided, as the rays of light are refracted wherever strata of air of unequal density are 
contiguous. The propagation of sound is altered when a stratum of hydrogen gas is 
made to rise over a stratum of atmospheric air in a tube closed at one end ; and M. 
Biot has well explained, by the interposition of bubbles of carbonic acid gas, why a glass 
filled with champagne is not sonorous so long as that gas is evolved and passing through 
the strata of the liquid."-— ^Mm6o&^s Traveh, Bohn*s Series, voL ii. p. 2^. 

t The sounds proceeded over a plsne covered with rank vegetation interspersed with 
black rocks. These latter attained a very considerable elevation of temperature under 
the effects of the tropical sun, as much as 48° C, while the air was only 28^; and hence 
over each rock there would be a column of hot air ascending. 
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548 On the Refraction of Sound by the Atmosphere. 

interTGning ground will increase thia range and distinctnesB, as will also 
a gentle wind, which brings the sound down and so counteracts the 
efiEect of refraction. And hence we have an explanation of the surpriaing 
distances to which sounds can sometimes be heard, particularly the ex~ 
plosion of meteors, as well as a reason for the custom of elevating church- 
bells and sounds to be heard at great distances. — September 1874.] 
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